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PART II.-AN ANNOTATED INDEX 


OF 


MINERALS- OF ECONOMIC VALUE 



INTRODUCTORY NOTE. 

I N the compilation of these Notes my object has been to furnish a 
guide to the literature on the subject of Indian minerals of economic 
value, at the same time indicating as concisely as possible the nature 
of the information given by each observer, whether it be a merely 
casual statement, or a more or less elaborate and authoritative 
description of the occurrence. The Notes are intended to be used 
in conjunction with the Bibliography which forms the first part 
of this work. The figures inserted in brackets after the observer’s 
name correspond to the serial number allotted to each author^ and 
are followed, where necessary, by the number of the page on which 
the reference will be found. In the case of re-prints, or the publi- 
cation of a paper in more than one periodical, the page number given is 
that of the first in order of pTiblication, as shown in the Bibliography. 

In one respect, it must be admitted, these Notes fail to give 
a complete review of our knowledge in respect of the mineral wealth 
of India, since they deal only with matter that has actually been 
published, and consequently take no account of the large number 
of observations that must have been accumulated by the numerous 
prospectors who have been busily employed in the investigation 
of the mineral resources of the country within recent years. Much 
of the information thus collected is stored up in the progress reports 
and correspondence files of the Geological Survey Department 
in Calcutta, where it was not accessible to myself ; but where it 
may be studied, when not of a confidential nature, by those who are 
interested in the subject either in its scientific or commercial aspects. 

The classification of the minerals in accordance with their 
chemical composition, adopted in the Manual of the Economic 
Geology of India compiled by Dr. Valentine Ball in 1881, is re- 
placed by a less scientific, but perhaps more convenient alphabeti- 
cal arrangement, which has the advantage of dispensing with the 
need of a separate index. Certain minerals, either economically 
or chemically related to each other, such as building materials, 
gem-stonos, sulphates, etc., arc grouped under a single^ head’iig, 
in accordance with the practice followed in the Quinquennial 
Reviews of Mineral Production issued by the Geological Survey. 
Heavy type is then used, where necessary, in order to render the 
names of the minerals thus grouped together more conspicuous in the 
text. The geographical distribxition of the minerals is dealt with in a 
similar manner ; the Provinces, including the larger Independent 
States, the Districts and smaller States, and finally localities being 
arranged in alphabetical order. Where a smaller State is included 
within the limits of a District, the name is inserted in brackets. 
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INTRODUCTORY NOTE. 


The co-ordinates of latitude and longitude are taken, -wherever 
possible, from the ‘ Atlas of India,’ on the scale of i miles=l inch ; 
and in, a few cases from the Standard one-inch maps. The longi- 
tudes taken from the ‘Atlas’ require a correction of — 3' 36", and 
those from the Standard sheets of — 2' 27", in order to reduce them 
to the latest value of the meridian of the Madras Observatory ; 
but for obvious reasons it has been thought advisable to give the 
uncorrected values. Since all the places mentioned lie to the north 
of the equator and east of Greenwich, the indicators N. lat. and E, 
long, are omitted. 

The spelling of the names of pro-vinces and districts is that 
given in the recently published edition of the Imperial Gazetteer 
of India ; while that of the place names generally follows the system 
adopted in later editions of the ‘ Atlas of India.’ 

Certain monographs on particular minerals, compiled at various 
times by Officers of the Geological Survey, are referred to by dis- 
tinguishing letters inserted in brackets, with the number of the 
page on which the occurrence is described. 

These are : — 


Title. 

Authors. 

Serial No. 
in 

Bibliogra- 

Distinguish* 

ing 

letter. 

1. Manual of the Economic Geology 
of India. 

Dr. V. Ball 

71—45 

B 

2. Coal Fields of India . 

Dr. V. Ball and 

R. R. Simpson. 

72 

s 

3. Corundum .... 

Sir T. H. Holland 

859—25 

H 

4 . Mauganese-Oi’o Deposits of 
India. 

Li. It. Fermor 

577—32 

F 

5. Mica Deposits of India 

Sir T. H. Holland 

859—37 

H 

6. Thermal Springs of India (Mineral 
Waters.) 

Dr. T. Oldham and 
R. D. Oldham. 

1327—2 

0 

7. Oil-fields of Burma . 

8. Petroleum Occurrences of Assam 
and Bengal. 

j E. H. Poscoo j 

1369— a 

1369—1 3 

1 ' 


I feel greatly indebted to Dr. L. L. Permor, the reciognised authority 
on the occurrence of manganese ore in India, for his kitiduess in revising 
the notes on that mineral. 


T. H. D. L.\TOUCHE. 





AN ANNOTATED INDEX 

or 

MINERALS OF ECONOMIC VALUE 


The following works deal generally with the distribution of economic 
minerals in India and in certain of the Provinces :-r- 

INDIA. 

1857. Balfour (69 — 8). Cyclopaedia of India and of eastern and 
southern Asia. 

1881. Ball (71 — 45 ). Manual of the economic geology of India. 

1882. Ball (71 — 54 ). The mineral resources of India and their deve- 
lopment. 

1889-96. Watt (1903 — i). Dictionary of the economic products of 
India. ^ 

1906. Simmersbach (1637), Die bergbauliche Bntwicklung und die 
Metalleinfuhr von Britisch-Ostindien. 

1907. Holland (869 — 65). The Indian Empire : — Mines and Minerals. 

1908. Holland (868 — 69). Sketch of the mineral resources of India. 

1908. Watt (1903 — 5 ). The commercial products of India. 

1908. Freise (622 — 2). Berg-und hiitten-mannische Untersuchungen 
in Asien imd Afrika wahrend des Altertums. 

1911. de Launay (459 — 2). La geologic et les richesses min6rales de 
I’.^sie. 

BURMA. 

1850. Mason (1185—1). The natural productions of Burmah. 

1879. Doyle (601—5). A contribution to Burman Mineralogy. 

1882. Mason and Theobald (1186). Burma, its people and pro- 
ductions. 

MADRAS. 

1850. Hunter (894 — 5), List of articles from the mineral kingdom, 
the produce of the Madras Presidency. 

1851. Hunter (894 — 6). Report upon the mineral products of the 
Madras Presidency, sent to the great national exhibition of 1861. 

1851. Hunter (894 — 9). The resources of the Madras Presidency. 
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ECONOMIC MINEBALS. 


PUNJAB. 

1868, Baden-Powell (60 — l) . Handbook of the economic products 6f 
tbe Punjab. 

RAJPUTANA. 

1879. Blanford and Hume (151). Notes on the useful minerals of 
Kajputana, 


The trend of recent developments in the exploitation of the mineral 
resources of India is indicated by the table given below, the figures in 
which are taken from the Eeviews of Mineral Production (859 — 50 ; 
861 ; 862) issued quinquennially by the Geological Survey Department ; 
and for the years 1914 and 1915 from the annual reports of the Director 
(798-^33; Records, Q, S. L, Vol. XLVII, Pt. 3). Columns 1 to 3 give 
the average values for each quinquennial period. 

The minerals included are those for which approximately trust- 
worthy returns are furnished. 


Minerals. 

1898 

to 

1903. 

1904 

to 

1908. 

1909 

to 

1913. 

1914. 

1915. 


i 

£ 

£ 

£ 

£ 

£ 

Alum (1) 

(i) 

2,047 

2,812 

4,649 

4,393 

Amber . 

362 

648 

182 

274 

199 

Chromite (a) . 

(i) 

9,110 

4,283 

2,611 

3,631 

Coal (a) 

1,226,677 

2,139,249 

2,969,305 

3,907,380 

3,781,064 

Copper Ore . 

0) 

(0 

5,7.32 

7,294 

14,381 

Corundum (e) 

* (m) 312 

(m) .170 

1,385 

447 

277 

Diamonds 

(i) 

2,799' 

872 

79 1 

603 

Gold . 

1,904,719 

2,266,307 

2,241,844 

2,338,355 

2,369,486 

Graphite 

(e) 11,981 

(a) 12,879 

(/c) 16,363 

(i) 

168 

Gypsum 

(0 

161 

774 

979 

979 


{a) Spot 'prices, (e) Estimated value, (i) N o returns availalle. (Jc) Production 
ceased in 1912. (1) In MianvxiU, Punjab, (m) In Mysore. 






ECONOMIC MINERALS. 


MineraJs, 

1898 

to 

1903. 

1904 

to 

1908. 

1909 

to 

1913. 

1914. 

1915. 


£ 

£ 

£ 

£ 

£ 

iron Ore 

(/) 13,584 

if) 13,769 

(ff) 29,519 

40,666 

31,886 

•Jadestone (ft) 

44,770 

61,363 

66,373 

40,092 

62,070 

Lead and Lead 
Ore. 

• (0 

V 

(i) 

120S2 

202,330 

316,182 

Magnesite (e) 

619 

689 

2,403 

667 

3,973 

Manganese Ore 
(c) 

79,443 

631,760 

822,876 

877,264 

929,646 

Miea [h) 

80,120 

170,126 

230,747 

237,310 

183,947 

Monazite 

, (^) 

(»‘) 

(h) 36,825 

41,411 

33,238 

Potroloum {a) 

186,810 

692,887 

928,072 

968,565 

1,250,803 

Ruby, Sapphire 
and Spinel. 

89,346 

84,406 

63,272 

43,133 

36,298 

Salt {d) 

347,807 

451,339 

607,294 

483,289 

600,264 

Saltpetre (&) . 

262,603 

268,012 

240,289 

272,462 

373,891 

Silver . 

(0 

(i) 

(n) 9,341 

(n) 26,896 

31,150 

Steatite (c) . 

1,900 

608 

2,524 

4,146 

2,578 

Tia Ore and 
Tin. 

6,876 

(a) 10,992 

30,100 

38,203 

64,980 

Tungsten Ore 

(0 

(*■) 

76,481 

178,543 

296,772 

Zinc Ore 

(0 

(i) 

(0 

(n) 10,762 

174 


{a) prices, (b) Export values, (c) Export values of quantities actually 
exported, (d) Prices without duty, (e) Estimated value. (/) Value estumied for 
provinces other tlmi Benyal. (<j) Value estimated for provinces other than 
Bengal, Bihar and Orissa, (h) Ai?erage for S years, (i) No returns available, 
in) At Bawdwin, Upper Burma, 
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AGATEw-ALITM. 


AGATE see under GEM-STONES. 

ALUM. 

AFGHANISTAN. 

Griesbaoh. (708 — 21, 91) mentions the occurrence of alum shales at 
several distinct horizons in the Carboniferous rocks of the Kam Shilmau 
valley, to the N. E. of Landi Kotal (34° 6' : 71° 9'). 

ASSAM. 

Lakhimpur.— Makum (27° 18' : 95° 41'). Mallet (1159—9, 361) 
suggests that alum and sulphate of iron might be profitably manufac- 
tured from the pyritous shales associated with the coal seams of Upper ' 
Assam (B. 435). 

BIHAR AND ORISSA. 

Gaya. — ^Rajghir hills. An impure native sulphate of alumina 
(salajit) is described by Martin (1181, VoL I, 264 ) as exuding from the 
face of a cliff at Hangriyo (? Hanreea, 24° 57' : 85° 28') in the 
‘ Eaj agriha’ hills. The beds from which the mineral exudes are situated 
in an almost inaccessible position, about 30 feet above the mouth of 
a cave. The substance is sold in the bazaars as a medicine (see under 
NEPAL). 

Shahabad. — ^Eohtasgarh (24° 38' : 83° 58'). According to Sherwill 
(1626 — 6, 284), thick beds of alum shale are exposed at the base of the 
Kaimur sandstones in the glens in the neighbourhood of Rohtasgarh, 
and in the valleys of the Durguti and Sugia-koh rivers. The alum 
is associated with masses of pyrites and with sulphate of iron. Small 
quantities of alum were being manufactured at Phulwaria, to the N. 
of Rohtasgarh and 4 miles W. of the Son R., for sale as a medicine 
(1625 — 4, 58 ; — 6, 17). Martin (1181, Vol. I, 629 ) describes the same 
occurrences, and says that the band of alum shale is about 10 feet thick 
(B. 431). 

BOMBAY. 

Belgaum.— Gokak (16° 10' : 74° 53'). Newbold (1294—20, 22 ; 
— 41 , 279) notes the occurrence of shales containing an appreciable 
quantity of alum at the foot of the Gokak Falls on the Ghatprabha 

R. 


Cutch. — ^Mhtjrb (23° 33' : 69° 0' 30"). Considerable quantities of 
alum were formerly manufactured at Mhurr from pyritous shales asso- 
ciated with a soft aluminous pseudo-breccia of the sub-nummulitic 
group in Cutch. Narrow, tortuous passages are driven into the deposit, 
to a depth of about 100 feet, and the material excavated is exposed to 
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ALTJM. 


the air in heaps for a period of four to five months, during which slow 
combustion takes place owing to the decomposition of the pyrites. It 
is then spread out and sprinkled with water for twelve days, when the 
resulting efflorescence, called 'phitkari ka hij (seed of alum), is collected 
and boiled in large iron pans with the addition of saltpetre or other 
potash salt, obtained by lixiviating the earth from village refuse heaps 
in the neighbourhood, in the proportion of 16 of the ' alum seed ’ to- 
6 of the potash salt. The liquor is then allowed to crystallise in small 
earthen vessels. The crystals are re-boiled one or more times to con- 
centrate and purify the solution, which is then placed in large earthen 
pots sunk in the ground, where the alum finally crystallises out in large 
masses (Anon., 35 — i ; Grant, 691 — 3, 295 ; Jacob, 924 — 6, 59 ; Wynne, 
1976—11, 87). 

Macmurdo (1145 — i, 210) gives a similar account of the manufac- 
ture of alum from the water of a tepid spring called the Chachera 
Kund, a short distance to the north of Mhurr. 

In the year 1862 Jacob estimated the production of alum at Mhurr 
as from 28,000 to 35,000 cwt. annually ; but in 1872, according to Wynne,, 
it had fallen to about 6,000 cwt. Subsequently the demand ceased 
altogether, and the industry died out (B. 432). 

Goa. — Mormxjgao (15® 24' : 73® 51'). Fermor (577 — 27) has noted 
the occurrence of an efflorescence of potash alum on the face of a cliff 
composed of altered argillaceous rocks, probably of Dharwarian age, 
close to the railway station at Mormugao. It is derived from particles 
of pyrites disseminated through the rock. The commercial value 
of the deposit depends upon the amount of pyrites that still remains 
undecomposed. 

Sittd. — Alum is manufactured from pyritous shales in the Gaj beds 
on the Maki Nai (27® 3' : 67® 23') and at several other places among 
the hills of western Sind ; also from shales in the Ranikot group at 
Ranikot (25® 54' : 67® 56') ; and in the Nari group at Bill (25® 37' : 
67® 33') in the Kohistan Taluk (Blanford, 148 — 63, 195). Another 
locality, Shah Hassan near Trini (26® 23' : 67® 43' 30"), is mentioned 
by Vicary (1845 — 5, 343). The process of manufacture was not 
observed, but is said to consist in burning the shale and lixiviating it 
when burnt, with the addition of a potash salt (B. 433). 

BURMA. 

Salween. — A discovery of alum shales in the neighbourhood of the 
Yunzalin R. (17® 30' : 97® 40') was reported by Brandis in 1862 (B.. 
435). 


ALUM. 


Tavoy. — Mason (1185 — l, 33) records the occurrence of alum in 
soft reddish clay slates in the valley of the Tenasserim R., about 40 
miles below Matah (? Myittha, 14° 10' : 98° 32'). 

MADRAS. 

Travancore. — Clays containing thin laminae of pyrites, giving rise 
to ,an eflSioresoenoe of bright yellow alum, are exposed, according to 
King (987 — 26 , 98), in cliffs of the Warkalli beds between Wakkalli 
(8° 44' ; 76° 46') and Anjbngo (8° 40' : 76° 49'). The alum clays are 
-about 25 feet in thickness. 


NEPAL. 

Alum is found exuding from soft rocks at many localities amojig 
the hills of Nepal, and is exported, under the name of salajit or silajit 
to the bazaars of India, where it is held in great repute as a medicine. 
Campbell (267—2) says that the quantity exported is not more than 
11 or 14 cwt. annually. A sample purchased by Stevenson was found 
to contain 95 per cent, of sulphate of alumina with 3 per cent, of iron 
(1698 — 2) ; but the proportion of sulphate of alumina in average quali- 
ties is said to be about 66 per cent. 

A substance known as black salajit^ also used for medicinal 
purposes, is of an entirely different composition. It is a dark brown 
substance of a bituniinous-lil^e consistence, and according to Hooper 
(868 — 1) is an extractive matter containing an organic acid combined 
' with alkalis, soluble in water. It is probably of vegetable or animal 
origin (B. 435). 


PUNJAB. 

Jlielum. — The highly pyritous shales associated with Tertiary 
coal seams at the Dandot colliery (32° 39' : 73° O') might be used, 
as Daru (421 — 2, 281) suggests, as a source of alum. Wynne (1975 — i h, 
301) states that the manufacture of alum was formerly carried on at 
ViRGAL (32° 27' : 72° 7') and Amb (32° 30' : 71° 59'), in the Salt 
Range, from black shales on the same horizon as at Baudot, that is to 
say, at the base of the nummulitic limestone of the plateau (B. ^434). 

Miaimali. — Kalabagh (32° 58' : 71° 37') and Kotki (32° 59' : 
71° 28'). Practically the whole of the alum now produced in India 
on a commercial scale is manufactured at Kalabagh, situated on the 
Indus at the eastern end of the trans-Indus Salt Range, and in the 
neighbourhood. The earliest mention of the industry is by Mohan Lai 
in 1838 (1234 — i, 26), who gives a brief description of the process 
• of manufacture. Subsequently full accounts were published by J ameson 
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ALUM. 


(981 — 3, 212), Fleming (591 — l, 522 ; — 3, 685 ; — 5, 336), and Wynne* 
(1975 — IS, 301 ; — 28, 303, quoting Fleming) ; but the most complete 
is that given by Darn in 1910 (421 — 2), from which the following abstract 
is derived. 

In the Salt Range near Kalabagh, alum shales are found at two 
distinct horizons in the Eocene (nummulitic) series, and again at the 
base of the underlying Jurassic series. Only one of these beds, situated 
at or near the base of the Eocene, is sufficiently rich in sulphur content 
to be used for alum making. The thickness varies from 7 or 10 feet 
at Kalabagh to 25 or 40 feet at the head of the Chichali pass near Kotki, 
a distance of 9 miles. About a mile beyond the latter locality it appears 
to die out. The pyrites is disseminated through the shales in micro- 
scopic particles, and the proportion of sulphur varies greatly, from 2 to- 
nearly 13 per cent. Workable shale, known as rol, contains an average 
of 9*5 of sulphur, and is distributed in patches through the bed. Mining 
is conducted on.no systematic plan, but the mineral is extracted by 
means of narrow, tortuous passages, rendered unbearably hot by reason 
of the decomposition of the pyrites, and without any provision either' 
for ventilation or drainage. 

The shale brought from the mines is built up with layers of brush- 
wood, and of clay that has been once burnt and exposed to the weather 
for at least a year, into heaps about 18 feet in height, and roasted, fresh 
layers being added at one side of the heap, while the other is out out 
for leaching. The burnt clay is added in order to absorb as much as 
possible of the sulphurous fumes from the fresh shale, but much of the 
sulphur is lost by volatilisation. 

The process of lixiviation is somewhat complicated. The roasted 
shale is steeped in water for two days in tanks (gdddn), lined with a 
mixture of re-burnt wood ashes, lime and cowdiuig, and the liquor is 
run into a settling tank (chorh), where it remains for 24 hours. In 
the meantime another portion of burnt slialc has been stooped for 25 
hours with some of the mother liquor from the crystallisation tanks 
in a smaller tank (foi). I'he solution from the cliorh and toi are then 
boiled together for an hour in large iron pans, and rim into a final settling 
tank {midr), which is filled with the remainder of the mother liquor. 
After resting for 8 hours, half the contents of the nitdr are boiled for 
3 hours, when a certain proportion of shora^ a mixture of chlorides, 
nitrates and sulphates of soda and of potash, with traces of carbonates,, 
obtained by leaching out the efflorescent soil found at various places 
ill the district, is added. Boiling is continued for another 7 hours, when 
the contents of the pan are transferred to a crystallising tank, and the 
pans are filled with the liquor remaining in the nitdr. The crude crystals 
are removed after 5 or 6 days, and are purified by fusing them for 2 hours. 
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ALUM— ALUNOGrEK. 


in tlieir own water of crystallisation. The liquor is finally crystallised 
in large earthenware jars half sunk in the ground. 

It is pointed out hy Daru that the use of lime in the lixiviating 
tanks results in a very considerable loss of alum, and that this would 
be avoided by lining them with gypsum, which is found in abundance 
at Kalabagh itself. 

The. output at the time of Fleming’s visit (1852) is said to have 
been about 8,600 cwt. at Kalabagh, and 7,000 cwt. at Kotki, where 
"the works had recently been started ; but in Wynne’s time only one 
kiln was at work at Kotki, and no alum was being made at Kalabagh 
(B. 434). 

The average annual production for the five years 1909 to 1913 
amounted to 6,035 cwt. In 1914 it was 8,731 cwt., and in 1916, 7,026 
cwt. , 

RAJPUTANA. 

J^pur. — ^K hetei (28° 0' : 76° 51') and Shtohana (28° 6' : 75° 54'). 
Considerable quantities of alum were formerly obtained as a bye-pro- 
duct in the manufacture of copper and iron sulphates from the decom- 
posed slate and refuse of the copper mines at these places. A full 
description of the process is given by Brooke (203—2, 625). The 
sulphates are leached out in rows of earthen jars and concentrated by 
boiling, when the copper sulphate crystallises out. The mother liquor 
■is again boiled, and saltpetre is added, alum then crystallising at the 
bottom of the vessel (B. 431). 

According to Haoket (730—4, 247), alum was made by a similar 
process at the copper mines of Daribo (27° 10' ; 76° 27') in the neigh- 
bouring State of Alwar. 

No statistics of the production at either of these places are avail- 
able. 

UNITED PROVINCES. 

Almora. — ^Herbert (827 — 6 , 230) records the occurrence of alum as 
an efidorescence on pyritous slates in the bed of the Kosila R. (29° 33' : 
79° 40') near Almora ; and in the same manner on p 3 T:itous shales near 
the village of Jakh (29° 26' : 79° 31'), on the road from Naini Tal to 
Khairna. Here, according to Atkinson (48, 36), it is found in abund- 
ance. It is collected and sold for medicinal purposes as salajit (see 
under NEPAL) (B. 431). 

ALUMINmM see BAUXITE. 

ALUNOGEN. 

BALUCHISTAN. 

Kacbhi. — S anni (29° 9' : 67° 37'). An occurrence of alunogen 
(sulphate of alumina) in an almost pure state, forming veins in 
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ALUKOGEN— A»BEIl. 


sulpiiixr, is recorded by Tipper (1787 — 5 ), at the sulphur mines of Sanni, 
on the Bhitari R. It has been used as a mordant. Both the sulphur 
and the alunogen have been deposited by sulphurous springs. 


AMBER. 


BURMA. 


Chindwin (Upper) . t-Mainghkwan (26° 18' 30" : 96° 32'). The only 
locality within the limits of the Indian Empire where amber is pro- 
duced on a commercial scale is situated in the Hukawng valley in 
Upper Burma, inhabited by Singpho clans. The earliest accounts of 
the diggings were given by Hannay (1385, 274), who visited them in 
1836, and Griffith (709 — 4, 77), who travelled over the same gromid 
in the following year. The mines are situated along the crest of a 
range of low hills extending in a southerly direction from near Main- 
•ghli^an to the village of Lalaung, a distance of 7 or 8 miles. The 
amber is found at depths varying from 20 to 40 feet below the 
surface, in a bed of blue clay, and is generally associated with bands 
of lignite. The pits are rectangular in section, of a size just sufficient 
for a single man to work in them ; and as there are no surface indica- 
tions to guide the miners, are sunk in a haphazard manner, thickly 
clustered together wherever a lucky find has been made. When this 
occurs the adjoining pits are connected together below ground, and all 
the amber is taken out (B. 57). 

These accounts agree substantially with that given by Noetling 
fifty-six years later, in 1892 (1311 — 8). He was unable, owing to the 
absence of fossils, to determine precisely the age of the blue clay in 
which the amber is found, but was of opinion that it probably belongs 
to the lower Miocene. Further details are contained in another paper, 
published by Nootling in the following year (1311 — 11). 

The Burnu!se amber is slightly harder and of higher specific gravity 
than Baltic amber. It varies in colour from a bright pale yellow to 
reddish and dull brovwi. The clouded variety does not occur. It is 
remarkable for a strong bluish-green fluorescence, resembling in this 
respect the Sicilian variety sinieiile. Many of the pieces are traversed 
by cracks lined with calcspar, as. was pointed out by Brewster in 1834 
(i94 — 3 ). Bpccimcns obtained by Nootling have been examined by 
Helm (810 — l ; — 2 ; — 3 ), who found that the products of distillation 
included formic acid and pyrogallol in place of succinic acid. He there- 
fore gave the name of burmite to this variety of amber. On the other 
hand, Meyer (1214 — 2, 51) states, on the authority of Dr. Oster, that 
a specimen of Burmese amber, received from the Indian Museum, yielded 
2 per cent, of succinic acid, while Baltic amber contains from 3 to 8 per 
cent. In a later paper (1214—3) Moyer discusses the question whether 
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Burmese amber was exported, to the West in ancient times, found-- 
ing his conjectures on allusions to Indian amber by classical writers. 
He thinks that it is very probable that amber was among the com- 
modities known to have been brought by Phoenician traders from the 
East. 

The output of the mines naturally varies greatly from year to year, 
since it depends to a great extent on pure chance, and on the vagaries- 
of an indolent and semi-civiUsed people. The average annual produc- 
tion, which amounted to 104 cwt. in the five years 1904 to 1908, fell 
to 29 cwt. in the succeeding five years ; while the yearly production 
varied from 216 cwt. in 1906 to 10 cwt. in 1913. The fluctuations in 
value are equally great. Thus 126 cwt. produced in 1905 realised £945, 
while the 216 cwt. of 1906 was valued at only £709. In 1914 the pro- 
duction was 13 cwt., valued at £274, falling in 1915 to 11| cwt. 
valued at £199. 

Fragments of amber are occasionally foxmd in other parts of Burma, 
in, beds of Miocene age : — 

Pakokku. — Grimes (712, 64) says that while working in the Yenangyat 
oil field, *^two small pieces of amber were brought to him, said to have 
been obtained from the Kyun Kyauno, a small stream about 3 miles 
to the N. of Seikkwa (21® 8' : 94° 51') ; and in 1852 Piddington des- 
cribed (1405 — 48 ; — 54), under the name of fiirdne, specimens of a. 
mineral resin said to have been found at a considerable depth in the 
Burmese petroleum wells. 

Sliwebo. — The discovery of small pieces of fossil resin in a bed of 
carbonaceous clay underlying a coal seam at Mantha (22° 54' : 96° T) 
is recorded by Noetling (1311 — ii, 39). The amber is very brittle,, 
but resembles burmite in appearance and specific gravity. 

ANTIMONY. 

AFGHANISTAN. 

Ghorband valley. Antimony is reported by Lord (1091 — 2, 535) 
to occur in black slates forming a hill at Kinchak (35° 3' : 68° 51') 
in the Ghorband valley, and in limestone at Fulioird (Faragard, 34°‘ 
67' : 68° 52') in the same district (B. T65). 

BALUCHISTAN. 

Jhalawao. — Shekran or Kappar (27° 53' : 66° 28'). The lead ore 
formerly mined on an extensive scale at Shekran {see LEAD, BALUCHISTAN) 
contains an appreciable amount of antimony, according to Tipper- 
(1787 — 6). Le Messurier, in a brief account of the mines, published 
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ANTIMONY. 


in 1844 (1055 — i), says that the ore occurs in crystals an inch square, 
with small quantities of lead ore of inferior quality ; but he probably 
refers to galena, for Tipper could find no visible ores of antimony (B. 
164, 302). 

Quetta-Pishin. — Kil ’Abdtoia (30° 43' ; 66° 38'). Hutton (900 — 8, 
699) says that stibnite, accompanied by the white oxide of antimony, 
valentinite, is said to occur in abundance among the hills to the north- 
ward of Kil ’Abdulla (B, 164). 

BIHAR AND ORISSA* 

Hazaribagh. — Hisaxtj (23° 59' 30" : 85° 4' 30"). Specimens of lead 
ore from the mines at Hisatu {see LEAD., Hazarlbagh) yielded, 
according to Piddington (1405 — 23, Ixv), 17 per cent, of sulpliide of 
antimony, equivalent to 12‘2 per cent, of metallic antimony. 

BURMA. 

Amherst. — According to Heifer (808 — i, 12) and O’Eiley (1340 — 3, 
733), sulphide of antimony appears to bo generally distributed through 
the sandstones of the “ older formation ” of the district, and has been 
worked to some extent along the range which separates the Maulmein 
R. from the Ataran . O’Riley (1340 — 4, 168) also says that he discovered 
several deposits of a rich ore of antimony near the head of the Zimme 
(Zami) R., the eastern branch of the Ataran. Foley (595 — 4, 272) 
speaks of antimony having been foimd in a vein of quartz at a place 
called Guangde (? Quanqadu, 16° 32' 30" : 97° 38', on the north bank 
of the Salween, opposite Maulmein) (B. 166). 

Further details are given by Griper (389), who describes a quarry 
opened by O’Riley in search of the ore at Lekka Taung, about 23 miles 
to the S. of Maulmein. The ore, he says, is in the form of stibnite, and 
occasionally ccrvantite, the yellow oxide of antimony. It occurs in 
pockets in a whitish quartzose sandstone, filling dykes or fissures in 
theordinaryyellowsandstonoof the range, each ore body quickly dying 
out on all sides, and leaving no trace by which the direction of others 
may be found. The richest ore is found in the centre of the deposit, 
and may contain 70 per cent, of metallic antimony. Towards the 
edges the amount decreases to 2 or 3 per cent. only. Each deposit 
yields only a few tons of ore. Prospecting operations were in progress 
at the time this account was written (1886), but apparently met with 
little success. 

Shan Slates (N). — In the year 1906 specimens of stibnite, largely 
converted into cervantite, were received at the Geological Survey Office, 
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ANTIMONY. 


said to kave come from a locality situated in Lat. 22® 28', Long. 96° 34 
ill tke State of Hsum Hsai (Fermor, 577 — 9). 

Fragments of stibnite, apparently derived from veins in granite, 
have also been found in tke neighbourhood of Nam Hsak (22° 58' : 
97° 12"), the capital of the Tawng Peng State, but the mineral has not 
been detected in situ (La Touche, 1084 — 45 , 366). 

Burney (2187 — 2) and Theobald (1768 — 19, 94) both mention the 
importation of antimony from the Shan States. 

Tavoy. — Low (1097 — 2, 148) states that antimony ore is said to 
occur in the district (probably in the continuation southwards of the 
Amherst ranges), but gives no particulars of the deposits. 

HYDERABAD. 

Karimnagar. — ^Ybnohapali (18° 37' : 80° 23' 30"). Stibnite is 
said to have been found in a weU-sinking, at a depth of 34 feet from the 
surface, at Tenohapali ox Enohinpilli, in the Nizam’s territory (B. 164). 

MADRAS. 

Bellary.— RAMAiffDRua (15° 8' : 76° 32'). Crystals of sulphide of 
antimony are disseminated among the schists of the Sandur hills, near 
Ramandrug (Kelsall, 975, 93), but particulars of its abundance are not 
stated (B. 164). 

Cuddapah.— Janoameajpilli (14° 46' : 78° 56' 32"). Antimony is 
said by Newbold (1294 — 13, 125) to be found in the Nalamalai hills 
near Jangamrajpilli, the site of a well known lead mine. 

Vizagapatam.— IL odxjr (18° 16' : 83° 37'). Carmichael (285, 155) 
mentions the occurrence of antimony at this place. Specimens of the 
ore, exhibited at the Madras exhibition of 1857, are said to have been 
of good quality (B. 164). It had already been shown by Dr. A. 
Scott {see Balfour. 69 — 2, 238) that this substance, used as a cosmetic 
by the natives instead of surma, or sulphide of antimony, is really 
manganese-ore. 


MYSORE. 

CUitaldroog. — C hikkannanahalli (14° 24' : 76° 43'). Cervantite, 
yielding 52-52 per cent, of antimony, has been found by Sambasiva 
Iyer (1548 — 5 , 116) in a quartz reef on the southern spur of a hill lying 
to the E. of this p^aoe. The extent of the reef has not been deter- 
mined. 
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Hadur. — Ores of antimony are said by Clark (321 — 2, 120) to be 
abundant in the Baba Budan range of bills (13° 30' : 76° 45'), but the 
precise localities are not stated (B. 164). 

NEPAL. 

A mineral said to have come from a locality not far from Kathmandu 
(27° 41' : 85° 19') for ■which the name nepaiiUte was proposed by 
Piddington (1405 — 67 ), and supposed by him to contain bismuth, has 
been determined by Mallet (1159 — 4C) as tetrahedrite, containing 
26' 17 per cent, of antimony. The mineral is said to occur in 
considerable quantities. 

NORTH-WEST FRONTIER PROVINCE. 

Kunam. — Agha Abbas (15, 613) mentions the existence of a 
mine of antimony in the Zaimukht hills, north of Thal (33° 22' : 
70° 35') in the Kurram valley. The ore is said to be of inferior 
quality, but it was exported to Multan. 

PUNJAB. 

.Ihcliiin. — Aiiitimony is mentioned by Court (377, 474) as being 
mined at Karangli itiLL (32° 45' ; 73° 5') in the Salt Eange ; but 
the ore is probably galena, which is known to be found there in 
small quantities (.vcc LEAD, I*Hiijal>). It was sold in the bazaars as 
«({/•/««, — the name usually applied to the powdered sulphide of anti- 
mony used by Mahomedans for blackening the eyebrows ; and no 
doubt the mistake is to be attributed to this circumstance. 

Hangra. — KniOKi (32° 17' : 77° 40'). In his account of Kulu, pub- 
lished in 1873, finlvert (265 — 2, 60) claims the discovery of a thick 
lode of stibnite close to the margin of the Shigri glacier in Lahaul ; 
bub the existence of antimony at this locality was known some 20 
years previously, for sonic prospecting work had been carried out by 
JTay (792, 544 ) before the year 1854, and the discovery was alluded 
to ‘by Tlath (1410) in 1806. 

In an account of illay’s operations, furnished by an anonymous 
contributor to the Mmlraa SpecMilor, March 19, 1857 {see 85 — 2), 
it is stated on the autliority of Marcadieu, who visited the place in 
1855, that six lodes or beds of ore are visible, and that specimens 
assayed by Maciiainara yielded 60 per cent, of metallic antimony. 
As there was no great commercial demand for the metal, Hay pro- 
posed that it should he used for maldng cannon balls, a suggestion 
that docs not appear to have met with the approval of Government. 

13 b2 



AHTIMOITY— ARSENIC. 


Mallet visited the mine in 1864, hut says that he did not see the' 
ore in situ (1169 — 1, 165). He found loose blocks of ore, whicli 
showed that the vein could not be less than 18 ins. wide. Calvert 
states that the bed discovered by himself was from 10 to 20 ft. 
thick, and that subsequent exploration showed that the width rose 
in places to 40 ft. Henwood (824 — 3, 6), who reported on the 
occurrence in 1886, says that the lode is at least 20 ft. wide, and 
that it consists of practically solid ore. 

The lodes or beds occur in gneiss, and the ore consists of stibnite, 
superficially altered into cervantite and kermesite, with traces of 
copper, arsenic, zinc blende, and iron (B. 165). 

The locality is diflSicult of access, lying at an altitude of 13,600 ft.,, 
beyond the Hamta pass (14,500 ft.), and three days' march from the 
nearest village in Kulu ; while work is possible only during three 
months in the year. Notwithstanding these obstacles, mining opera- 
tions were undertaken in 1905 by Col. Renwick, who succeeded in 
shipping about 15 tons of ore to England (862, 233). The experi- 
ment, however, does not appear to have been profitable, for no 
mention of output is made in subsequent returns. 

APATITE see under GEM-STONES and PHOSPHATES—LIME. 

AQUAMARINE see GEM-STONES— BERYL. 

ARSENIC. 

In the Agricultural Ledger' for 1902 (1908 — 3 ), Sir G. Watt gives 
a general account of the commercial uses of arsenic and of its occur- 
rence in India. Very Httle is produced in the country, the bulk of 
the supply coming in the form of orpiment from China through 
Burma. The average quantity imported annually in this manner,, 
during the five years 1909 to 1913, was 7,150 cwt. 

BENQAL. 

Darjeeling. — S ampthar hill (26° 58" : 88° 34'). Mallet ( 1159 — 
31 , 57) describes an outcrop of arsenical pyrites on the northern 
flank of Sampthar hill, about half a mile W. 20° S. from the 
highest summit, at an altitude of about 4,000 ft. The seam is 
about a foot thick, of which perhaps two-thirds is ore. It contains 
a considerable proportion of mundio, with a little dopper pyrites. 

BIHAR AND ORISSA. 

Hazatibagh.— D abtjr (24° 36' : 85° 58') and Dhab (24° 35' : 85° 50'). 
Lumps of leucopyrite, an arsenide of iron, weighing several pounds, 
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ARSENIC— ASBESTOS. 


are occasionally found in the mica-bearing pegmatites near Dabnx, 
on the Sukri R., and again about a mile S. S. W. of Dhab (Holland, 
859—37, 51). 

KASHMIR. 

Padar. — Barali (33^^ 22' : 76^ 17'). A small outcrop of arseno- 
pjo’ite was found near the village of Barali in the Bhutna valley, at 
a height of about 3,000 ft. above the river (La Touche, 1031 — 14, 
68). 

NORTH-WEST FRONTIER PROVINCE. 

Cliitral. — Orpiment was formerly imported in considerable quan- 
tities from^Chitral, but of late years the supply has greatly fallen ofE 
(861, 215). During 1905-06, the latest year for which returns are 
available, the imports from this source amounted to 10 tons. No- 
thing is known regarding its mode of occurrence. 

UNITED PROVINCES. 

Alinora. — Traill (1797 — 4, 17) states that yellow arsenic is found 
at two or three places on the Dharma and Juwar or Niti Ghats 
(passes), but in small quantities only. 

^ Mansiari (30° 6' : 80° 19'). Orpiment is collected in small quan- 
tities near Mansiari, and is brought down for sale to the Bagesar 
fair, according to Lawdcr (1040 — i, 88) and Atkinson (48, 31). . 
The precise locality at which it occurs is not known (B. 162). 

Shankalpa glacier (30° 20': 80° 22'). Cotter and Brown (373— 
2) record the discovery of fragments of orpiment, with a little 
realgar, on the moraine of the Shankalpa glacier, about a mile above 
the ice cave. The mineral was not found in sitn. 

ASBESTOS. 


AFGHANISTAN. 

According to Badon-Powcll (60— i, Vol. I, 46), asbestos is pro- 
curable in considcral)lo quantities among the hills above the 
Kji(.>st valley (33" 20' : 70° O'). Jt occurs in Hat veins or beds, and 
is said to be used locally for twisting into ropes. 

BIHAR AND ORISSA. 

Mayiirbliaiij. — Orcen actinolito, imbedded in opal, and passing 
along thc! bordm's into ilbrous asbestos, was found by Bose (173 — 20, 
172) in (juartz veins traversing decomposed epidioritic rocks near 
Bancjom hill, on thc road leading from Beter Amda (22° 24' 30" : 
86° 15') to Duhlabeda (22° 24' 30": 86° 25'). 
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Monghyr. — Sterwill (1624 — 2, 197) mentiotts the occurrence of 
thin reins of asbestos in slates on the Goeia Koh Ghat (25° 5' : 
86° 27'), in the Kharakpur hills. In the same paper (p. 204) he 
says that massive asbestos is reported to be found near the summit 
of PiBPAHAEi HILL (25° 23' : 86° 34'), 3 miles to the E. of Monghyr. 

BOMBAY. 

War.— Dev Moei (23° 39': 73° 28'). Hayden (793—20, 73) 
records the discovery by Mddlemiss of a deposit of asbestos, 
apparently of excellent quality,, in the hills S. E. of Dev Mori. 
“V^en steeped in "water and dried, the mineral comes out in long 
silky masses of beautifully white fibre, some fibres being as much 
as 8 ins. in length. 

BURMA. 

Sagaing. — ^Among some specimens of minerals sent from Ava by 
Burney, and examined by Iftipsep (1436 — lO), was one of fine silky 
white amianthus, said to be found in a crevice in siliceous dolomite 
near Tsagaust (Sauaing, 21° 53' : 96° 2'). 

CENTRAL INDIA AQENCV. 

Jobat. — Specimens of asbestos from the Jobat State sent to the 
Imperial Institute, and examined by Dunstan (514—9), were report- 
.ed to be friable and of short staple, also of inferior colour. It is 
remarked that the sale of the mineral would not' pay the cost of 
freight.] 

illl CENTRAL PROVINCES. 

Bhandara. — ^An output of 18 tons of crude asbestos from a 
deposit at Tximkheea Ejbxtrd (21° 25' : 80° 17') is recorded in tbe 
Quinquennial Review of Mme/ral Productions (861, 217) as having 
been obtained in 1908. 

MADRAS. 

Coimlbatore. — ^In the Coimbatore Manual (1300, 24) Nicholson 
states that asbestos (? ohxysotile, the fibrous variety of serpentine) 
had recently been found near Pbraitdueai (11° 17' : 77° 39'). 

Salem. — According to Balfour (69—8), asbestos is found abun- 
dantly in the Salem district, hut it is probable that much of the 
mineral so-called is in reahty chrysotile, which is known to occur 
with serpentine (B. 519). 

MYSORE. 

Bangalore.— A viihalm (12° 57' : 77° 36' 30"). Veins of fine 
white asbestos, traversing a tremolite rock apparently forming a 
lenticulai mass - enclosed in granite, were found by Sambasiva Iyer 
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(1548 — 8) in a shallow pit near Avilhalli, 2 miles to the W. of Ban- 
galore Fort. 

Chitaldroog — Gangigere (13° 44' : 76° 26'). Fine silky asbestos 
was found by Sambasiva Iyer (1548 — 6, 115) in cuttings close to 
the tank at Gangigere in the Hosdurga taluk. The exposure is 
small, and its value has not been ascertained. 

Hassan. — Kabbtjr (12° ■ 41' : 76° 21'). Asbestos of -fairly good 
quality occurs in veins traversing actinolite schists here. A con- 
siderable amount has been taken out, but operations have ceased 
(Venkataramaiya, 1838 — 2). According to Sampat Iyengar (1540 — 
9, 86), the asbestos has been formed by the percolation of meteoric 
waters along fissures and joints in tremolite schists. The same 
locality, apparently, is alluded to by Sambasiva Iyer (1548 — lo) as 
half a mile to the N. of Idegondanahalli (12° 39' 30" : 76° 21'), 
on the Hole-IfaTsipur road. He remarks that 'the mineral occurs at 
the junction of dunite with gneiss, and that it is white, and soft in 
texture. An output of 412 cwt. from this district is recorded in 
1906 (861, 217). 

Eadur. — ^MtjbegeEE (13° 8' : 75° 42'). Sambasiva Iyer (1548 — 
10) mentions several localities in the neighbourhood where asbestos 
is to be found. The most promising deposit occurs near Mudasosi 
(13° 9' : 75° 45' 30"). 


Mysore. — Mandya (12° 32' : 76° 57'). Coarse reddish asbes- 
tos is found, according to Primrose (1431 — 8, 216), at about 2 or 3 
miles S. W. of Mandya, and is sold in the bazaars as a medicine. 

Nagamangala (12° 49' ; 76° 49'). Wetherell (1915 — V, 101) says 
that small patches of asbestos occur in schists near this place, but 
not in paying quantities. Veins of coarse asbestos were also found 
by Primrose (1431 — i, 22) traversing talcose rocks near Ktjganpxtr 
(?)• 

NORTH-WEST FRONTIER PROVINCE. 

Waziristan. — Masson (1189 — i, VoL I, 115) states that he has 
procured specimens of asbestos from Kanigtjeam (32° 31' : 69° 61') 
in the Waziri country, but gives no further particulars. 

UNITED PROVINCES. 

Kuniaon. — ^In a brief notice of asbestos in Kumaon, Stephens 
(1694 — 3) says that it is found in veins, sometimes 6 ins. in width, 
in hornblendic rocks near Badhangaeh (30° 1' : 79° 35'). Also that 
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ASBESTOS— BARYaES. 


an impuie serpentine near Pithasoea (29° 35' : 80° 16'), when 
traversed by jade, contains innumerable veins of asbestos, rarely 
more than ^ in. wide. 

JosHiMATH (30" 33' : 79° 38'). Stephens (1694 — 3) mentions 
the occurrenoe of veins of asbestos, sometimes 4 or 6 ins. in width, 
traversing serpentinous rocks in this neighbourhood. 

TJgffTMATH (30° 31': 79° 9'). A. discovery of asbestos, considered 
to be of good q^uality, is recorded by Atkinson (48, 34) in a hill 
situated a little to the N. of Ukhimath. It is said to be used by the 
villagers as a dressing for woimds, and as a wick for oil lamps. 

BARYTES. 

BALUCHISTAN. 

Las Bela. — Concretions of barytes, associated with p 3 n:ites, are 
widely distributed through the Belemnite Shales of the Kalat and 
Las Bela States, especially on the Saemowli E., between Chad 
and Anjira, and on the lower scarps of the Pah range, near Pabni 
Chauk_i (25° 17': 66° 58'). The latter locality is the more favour- 
ably situated, as it is only about two days' journey from Karachi. 
Ko estimate of the quantity available is possible (Tipper, 1787— s). 

BURMA. 

Shan States (N.).— Bawdwin (23° 7': 97° 20' 30''). Large quan- 
tities of ba^es occur in association with silver-lead ores at the 
Bawdwin mines in Tawng-Peng State. The mineral was not seen 
in situ, but fragments up to a foot in diameter were found plenti- 
fully scattered over a wide area, evidently derived from the outcrop 
of a large vein (La Touche and Brown, 1036, 242, 255). 

CENTRAL INDIA AQENCY. 

Rewah.— Bhaeea (24° 23': 82° 19'). In the "Bed Shale” series 
of the Son valley, a formation of pre-Yindhyan age, veins of barytes 
from an inch to a foot in thickness were found by Ytedenburg (1326, 
131) near the village of Bharra, on the Mohan R. 

Mallet (1169 3, 122) mentions the occurrence of thin strings of 
barytes in lower Rewah beds near Sohagi Ghat (24° 59' : 81° 46'), 
and at Ginga hill, abont 40 miles to the S. W. of Allahabad. The 
deposits are of no commercial value (B. 473). 

CENTRAL PROVINCES. 

_ Jubbnlpore.— S lebmanabad (23° 38' 30": 80° 19'). Barytes is 
said to be associated with the lead and copper ores occurring in an 
outcrop of Bijawar quartsite, about 2 miles to the 2T. of the railway 
station at Sleamanahad (B. 473). 
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BABYTES. 


In describing an occurrence of fluorite in tbe metalliferous veins 
•of Sleemanabad, Fermoi (577—5) mentions barytes as one of the 
accessory minerals. It appears to exist in considerable quantities, 
but a consignment sent to Calcutta about the year 1904 was reported 
to be of poor quality (868, 237). 

MADRAS. 

HurnooL— Gazulapalli (15° 24': 78° 40'). Newbold (1294—34; 
— 49 , 390) states tbat the galena formerly mined in the Nallamalai 
hills, ’ 6 miles to the E. of Gazulapalli or Baswapur, occurs in a 
matrix of barytes, which is found in large masses and nodules, but 
does not form a true lode. Much of the debris of the old mines 
consists of this mineral, according to Gopalakristnamah Chetty 
(675, 96), who also mentions (p. 99) that it is found at Jala- 
nuEOAM (15° 17': 77° 57') and Chandeapalli (15° 13': 77° 53'). 
and at several localities in the Errainalai hills (B. 473). 

iXellore, — ^Naeravada (14° 54' : 79° 29'). An outcrop of barytes 
situated on two low hills about 3 miles to tbe E. of the village is 
described by Jones (953). It occurs in irregular veins, usually 
following the strike of the rook, in mica schists, and in minute 
grains scattered through the schist for some distance on either side 
of the ‘Veins. 

Salem- — Alangayam (12° 37': 78° 49'). Holland has described 
in detail (859 — 22) a peculiar and important occurrence of barytes 
in the neighbotirhood of Alangayam. The rocks forming two low 
hills, lying about a mile S. of the village, consist largely of a network 
of veins composed entirely of quartz and barytes, traversing por- 
phyritic gneiss. Similar veins are found penetrating the crystalline 
rocks in the neighbourhood, and have been traced for a distance 
of 7 miles. The veins vary in thickness from mere strings to dyke- 
like masses several feet across. They are considered to be intru- 
sions of an igneous rock containing barytes as one of its original 
constituents. 

From the determination of the specific gravity of a large niunber 
of specimens, it was found that the average proportion of barytes 
present in the rock amounts to 30*8 per cent. 

PUNJAB. 

Simla.— SuBATHU (30° 58' : 77° 3'). Barytes is said to occur at 
the lead mines described by Eelly (974) and Henwood (834 — 2, 471) 
in this neighbourhood (B. 474). 
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BARYTES— BAUXITE. 


RAJPUTANA. 

Ajmer, — TAEAaAEE (26^^ 27': 74® 41'). BaiTtes is said to be 
associated witli the lead ores formerly mined at this locality (Irvine, 
910^1, 166 ; B. 474), 

BASALT sec under BUILDING MATEEIALS. 

BAUXITE. 

Ihe existence of alumina in large proportions in certain laterites 
of the Central Provinces was first brought to notice by Mallet "in 
the course of a description of the iron ores, etc., of the Jubbnlpore 
district, published in 1883 ( 1159 — 36 , 113) ; but it was not until 
after the appearance in 1898 of a paper by Max Bauer (88 — '7) on 
, the laterites of the Seychelles and their relation to bauxite, the 
principal ore of the metal aluminum, that attention was seriously 
directed to the possibility of finding a similar connection in India. 
The credit of the discovery that many of the Indian laterites are in 
reality bauxites is due to H. and F. J. Warth, who published ana- 
lyses in 1903 ( 1893 ) showing that they might be divided into four 
categories: — (1) a rock consisting of almost pure gibbsite ; (2) 
wocheinites containing gibbsite and diaspore in the proportion of 
about 3 to 1, with titanium oxide; (3) high level laterites or baux- 
ites, in which the proportion of iron oxide varies with the nature of 
the rocks on which they rest ; and (4) low level or detrital laterites. 
It should also be mentioned that Holland had, a short time previ- 
ously (859 — 41), anticipated ■ that the laterites of India and the 
Seychelles would be found to agree in this respect. 

Investigations were promptly set on foot by the Greological Survey 
for the purpose of ascertaining the distribution and value of the more 
highly aluminous laterites, and in 1905 the results were published 
by Holland (859 — 6 2), with lists of analyses of sam*ples from a 
number of localities, from which the following table is abstracted : — 


— 

1 

AlaOs 

PeoOa 

H^O 

SiOo 

TiO, 

CaO 

MgO 

BIHAR AND ORISSA. 

Halahaadi 

Koblapat hill. 

(19° 40' : 83° 14') ,. 

67-88 

4*09 

26-47 

0-93 

1-04 

0-36 


Falaiiiau 

Nettjrhat. 

(23° 28' : 84° 19') 

64-64 

6-21 

24-00 

1-79 

3-30 

0-04 

0'02 
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— 

AI2O3 

Fe20s 

HjO 

SiOa 

TiOa 

OaO 

MgO. 

BOMBAY. 








Satara 








HAEA^BIiESHWAB. 

(17° 56' : 73° 43') 

60*46 

23*41 

24*90 

0*72 

0*42 



Surat 








IcmKIESAB. 

(21'’ 22' : 73® 7') 

43*83 

26*61 

23*88 

0*37 

4*46 

0*86 

• *- 

CENTRAL PROVINCES. 








Balaghat 








Rtipjeab. 

(21® 67': 80® 29') 

51*62 

6*61 

30*72 

0*06 

7*61 

5*25 


Samhaptie. 

(21® 68': 80“ 33') . 

64*20 

4*02 

27-93 

1-66 

12*21 



Ju]l)]l)ulpore 








Katsti. 








(23® 60' : 80® 28') . 

65*48 

3-77 

19*38 

038 

11*61 


trace.- 

52*67 

7-04 

29*83 

1*26 

7*51 

1*76 

trace. 

‘ Bubeeagogarh. 



1 



(24® 0' ; 80® 41') . 

67*50 

6'63 

26*94 

2*35 

6*61 

0*15 


Stirgnja State . 

68*23 

6-48 

28*10 

2*01 

6-49 

0-46 

• - 

MADRAS. 








Madura 








Foet Hamilton (Palui bills). 









V 






(10® 6': 77® 30') 

64 

■34 

31*58 

' 4*68 

0*95 

• • 

.. 

KoD AIK ANAL. 



j* 





(10® 13' : 77° 33') . | 

62*80 

0*44 

33*74 

2*78 

0*04 

0*20 

0*03 

46*77 

9*30 

28*30 

14*68 

0*62 

•• 

1*32 

Nilgiri UUs . . . [ 

38*28 

36*38 

37*88 

34*37 

20*70 

19*00 

3*14 

10*76 

' 6*10 

6*’40 

*• 

OOTACAMUND. 

(11® 24' : 76° 47') 

31*37 

40*18 

24*18 

2*16 

2*01 

. , 

. . 

Vizagapatani 








Girligtjma. , 















(18® 33' 30" ; 83° . 

63*14 

16*81 

19*32 


•• 

• • 
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BAUXITE. 


In his Presidential Address to the Mining and Geological Institute 
of India, delivered in 1907 (859 — 64 , 31), Holland discusses the 
prospects of utilising the Indian deposits of bauxite. Though he 
considers that it would be premature to establish power works in 
the country for the reduction of aluminium, he thinks that the pre- 
paration of the pure calcined oxide for exportation to Europe or 
America might be carried on at a profit. Accounts of the processes 
employed in the extraction of the alumina have been given by 
Dunstan (514 — 19), and by Blake and Crook ( 141 ). 

BOMBAY. 

Rewa Kantlial (21° 39': 73° 16'). Samples of laterite 

(Rajpipla) J ^ 

from this locality have yielded 37*51 per cent, of alumina, and 
the existence of higher grade varieties is considered possible (Bose, 
178—23, 184). 

CENTRAL INDIA AGENCY. 

Rcwali.— A markantak (22° 40' : 81° 60'). In the talus derived 
from the laterite capping of the Ainarkantak plateaii, Fennor 
observed many blocks of bauxite, often pisolitic and apparently of 
the best quality. Bauxite of variable quality was also noticed in 
the laterite of the plateau itself, which extends into the Mandla 
and Bilaspur districts, Ceiitral Provinces (see Middlemiss, 1219 — 
31 , 111). 

Tonk. — Numerous segregated, rounded masses of richly aluminous 
laterite were found by Sethu Rama Rau near Konkargakh and 
IsARWAS (24° 8' : 77° 26'), and again near Kotra and Agra (23° 
56' 30" : 77° 28') in the Sironj pargana, imbedded in brecciated and 
pellety laterite (see Holland, 859 — 60, 57). 

CENTRAL PROVINCES. 

Balagliat. — Burton has reported that the laterite, capping outliers 
of Deccan trap forming the hill masses of Kothi Pat (21° 54': , 80° 
27') and Tipagarh (22° 2' : 80° 33'), frequently consists of bauxite 
of good quality. The laterite reaches a thickness of over 100 feet. 

In a report on six samples of laterite from this district, Blake and 
Crook ( 141 ) state that they contain from 52-14 to 58*83 per cent, 
of ahimina, and that after calcination the yield would be increased 
to between 71 and 85-8 per cent. 
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BAUXITE— BISMUTH. 


9ul>bulpore. — Mallet (1159 — 36 , 113) mentions a pisolitic vanetj 
of laterite, contaiiung a large proportion of alumina, as occurring 
abundantly among the hills S. of Murwara (23° 50' : 80° 27'). He 
suggests that it might be used if required as a flux in smelting the 
hematite ores of the district. 

Seoiii. — Bauxite of good quality has been found by Vinayak Eao 
on the scarp at Amaoarh (22° 0' : 79° 40'), and blocks of the mineral 
were traced for several miles to the south. A representative sample 
contained 54*78 per cent, of alumina. Near Atarwani (21° 52' : 79° 
44') Burton found a small hill containing a deposit of bauxite, 
estimated to be 20 ft. in thickness, lying between beds of ferruginous 
laterite {see Middlemiss, 1219 — 31 , 111 ). 

The amount of bauxite produced in the Central Provinces, 
chiefly by the Katni Cement and Industrial Co. at Katni, was 614 
tons in 1914, and 876 tons in 1915. 

BERYL see UTid&r GEM-STONES. 

BERYLLIUM eee RARE MINEBALS— GADOLINITE. 

BKMUTH. 

Bismuth is not known to occur in commercially valuable quan- 
tities in any part of India, but traces of it have been detected at 
a few localities. 


BIHAR AND ORISSA. 


Singhblium. — Ball (71 — 9 , 97) mentions that small quantities of 
bismuth were found in some of the ores from the Singhbhum copper 
belt. 


BURMA. 

Amherst. — O'Eiley (1340 — 3 , 737) states that sulphide of bismuth 
is said to be found with the ores of antimony occurring in the sand- 
stone ranges between the Ataran and Mouhnein rivers. 

NEPAl see under ANTIMONY. 

PUNJAB. 

(^Mdi^}’* — records the discovery of a small 

lode of manganese ore with bismuth at Thirri (Sirhi, 31° 60' : 
77° 14'), on the borders of Kulu (B. 163). 
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.BORAX* 

BOMBAY. 

Kathiawar. — ^In the course of a tour througli the cotton districts 
of the Bombay Presidency, in the year 1787, Dr. Hove was informed, 
when in the neighbourhood of Limri (Limbdi, 22° 34' : 71° 52'), that 
borax was extracted from the soil at some place four days" journey 
distant, and that it was exported to Bombay for the use of the 
Mint (873, 129). No more recent information is available regarding 
this source of supply (B. 498). 

KASHMIR. 

Rupshii. — ^PuGA (33° 14' : 78° 25'). Borax is deposited by the 
water of a number of hot springs in the Puga valley, and has been 
•collected and exported to India for many years. Marcadieu, who 
was deputed about the year 1854 to examine the deposits on behalf 
of some pottery owners in England, says (1168 — 2) that the borax 
occurs in layers 2 or 3 inches in thickness, associated with an efflore- 
scence of common salt and sulphur. The deposits have been described 
by Cunningham (399 — 2, 112 ; — 5, 235) as extending for about 2 
miles along the banks of the Eulang Chu, the river draining the 
valley. They have also been described by H. v. Schlagintweit 
(1578 — 18) in the course of a general account of the occurrences of 
borax in Tibet. 

In 1864 Marcadieu estimated the annual production at 12,000 
maunds (whether local or Indian maunds is not stated) ; but ten 
years later Stoliczka (1713 — 5, 131) was informed by an official of 
the Kashmir Government that the output never exceeded 4,000 
maunds (probably about 600 cwt., B."‘498). For the five years 1908 
to 1913 the average production was 414 ,cwt. annually. 

RAJPOTANA. 

Jaipur. — Samples of salt from the Sambhar lake (26° 55' : 
75° 15') contain, according to a rough determination by Warth 
(1892 — 17 , 215), an appreciable proportion of borax, amounting to 
about I per cent, of the dry residue of the brine. He calculates 
that the waste hquor from the salt works would yield about 500 
tons of borax per annum. On the other hand, Holland (859 — 3, 
25 i) states that he failed to detect any trace of boracic acid in the 
lake brine. 

TIBET. 

Towards the end of the 18th century, three communications were 
".made to the Eoyal Society on the subject of the borax or tincal 
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BORAX. 


deposits of Tibet. The first of these, written in 1786 by Blane 
(146), gives an account derived from Tibetan traders at BhitauK in 
Oudii, of a lake of hot water surrounded by snowy mountains, 
situated in the kingdom of Jumlate, some 30 days' journey to the 
north. During the winter, — since snow was said to be indispensable 
to the manufacture, — shallow reservoirs dug in the saline earth 
were filled with the hot water, from which the borax was deposited 
on evaporation. Another account, by da Eovato (419), an Italian 
priest resident in Nepal, places the borax fields in the province of 
Makm^i, 28 days' journey north of Nepal, and 25 west of Lhasa. 
Lastly Saunders (1559 — 1, 96) mentions a lake 20 miles in circum- 
ference, lying 15 days' journey to the northward of Tashi Lhunpo 
(Shigatse, 29® 18' : 88® 55') in Central Tibet. Here the borax was 
said to be found in large masses in the shallower portions of the 
lake, and to exist in inexhaustible quantities. The deeper portions 
of the lake produced salt. 

Ngari Khorsinn. — In 1848 Strachey (1716 — l, 348) gave an 
acco.unt of the borax fields of Ngari Khorsum or Hundes, situated 
to the north of the Bongbwa Tal, beyond the mountains bordering 
the N. E. side of the Shajjan R. Here the borax, as well as common 
salt, is obtained by lixiviating the soil on the borders of desiccated 
lakes. In an abstract of this account by Atkinson (48, 33), a des- 
cription is given of the process of refining the crude borax brought 
down by the Tibetans to Ramnagar in the Naini Tal district. The 
borax is steeped in water in shallow pans, and lime is added in the 
proportion of 2 lb. to about 800 lb. of borax. After being stirred 
at intervals of 6 hours the mixture is turned out next day to drain 
on sieves or cloth, and is then dissolved in times its weight of 
boiling water, with a further addition of about 16 lb. of lime. The 
solution is then filtered, and on evaporation is allowed to crystal- 
lise in funnel-shaped brass vessels (B. 499). 

One of the pundits, whose journey was described by Montgomerie 
in 1870 (1243 — 7, 55), has given further particulars of the borax 
fields. On his route from Rxjdok (33® 23' : 79® 40') to the gold 
fields of Thok Jalung (32® 8' : 81® 53'), he passed large deposits of 
borax at Roksum and the Chak Chaka lakes, and he reports the 
existence of many fields between Thok Jalung and Lake Manasaro- 
war. Anyone, he says, was allowed to collect borax on payment of 
a fee of 8d. for 10 goat or sheep loads (about 2 cwt.) to the Tibetan 
authorities. 

Statistics of the imports and sale of borax in the early years 
of the last century are given by Milburn (1224, Vol. II, 207) and 
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Traill (IW — 4, 41). They appear to have reached a maximum of 
about 20,000 maunds (14,000 cwt.) in 1818, but then declined to 
5,000 or 6,000 cwt. According to Watt (1908 — 4, 132), the imports 
from all sources increased from 15,273 cwt. in 1897-98 to 31,085 
cwt. in 1901-02. For the five years 1908 to 1913 the average im- 
ports were 20,471 cwt. annually. 

UNITED PROyiNCES. 

Warth (1892—18) reports that he has detected the presence of 
borax in samples of “ reh ” salt from the neighbourhood of Aligarh 
(27° 53' : 78° 8'). The dry extract is said to have yielded OT per 
cent, of crystallised borax. 

BUILDING MATEBIALS. 

For a general account of the distribution and use of building and 
ornamental stone in India, reference may be made to a summary 
of the information available in 1874 drawn up by Ball (71 — 18), and 
to the chapters on this subject by the same author in the Manual 
•of the Geology of India, Part III (71—46, Chaps. XI and XV). 
Also to an article by Danvers in Span’s Information for Colonial 
Engineers (417 — 2). An abstract of a report by Messent on the 
granites of India has been published in The Quarry (1212). 

BRICK CLAY, Clays suitable for the manufacture of bricks are 
found in aU parts of India and Burma, especially in the neighbour- 
hood of the large rivers; but no reliable estimate of the quantity 
used annually for tMs purpose is possible, since such returns as are 
available do not discriminate between clays used for brick making 
and for the coarser kinds of pottery ; nor do they include the com- 
plete output of the United Provinces or of Bihar and Orissa, where 
the consumption of bricks for building purposes must reach very 
large proportions. For the rest of India, excluding Burma, the 
average annual production, during the five years 1909 to 1913 is 
returned as 143,389 tons. 

More complete statistics are submitted by the province of Burma, 
■where the average annual output of common brick and potterv 
clays, for the five years 1909 to 1913, was 579,913 tons. 

_ The following articles, dealing with the manufacture of bricks in 
Inma, Me published in the Rurki series of Professional Papers on 
Indian Engineering :— 

1865. Anon. (35 — 13). Brick-making in India.! 

1865. Medley (1196). Brickwork in India. 

1867. Brown (209). Brick-making near Roorkee. 
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1872. Tovey (1792). On burning bricks with Oopla (dried 
cowdung). 

1874. Faloonnet (664). On brick and tile manufacture at 
Allahabad. 

1878.« Smart (1660). On brick making in Burmah. 

KANKAR. — A concretionary, nodular form of carbonate of lime^ 
known as Jcmhxr or gutin, is generally distributed throughout the plains 
of India, especially in the older alluvium of the Ganges and other 
large rivers. At times it becomes aggregated into solid beds, which 
have occasionally been u«ed as building stone ; but more commonly 
it has supplied, when burnt, the mortar and cement required for 
building purposes. 

Owing to the manner in which the nodules are segregated, the 
Tcankar is generally found to contain a proportion of argillaceous 
matter sufficient to endow the lime with hydraulic properties, and 
experiments with regard to these have been carried out at various 
times. The following is a list of papers dealing witli this subject : — 

1831. Saunders (1562). On cements made from (1) kanhar 
from the Salt Lakes near Calcutta ; (2) kavikar from 
Burdwan ; (3) Sylhet limestone. 

1849, Dickens (484: — l). On the hydraulic properties of 
cement made from kankar containing 40 ’06 per cent, 
CaCOs and 34 per cent. Si02 and AI2 O3. 

1870. Brownlow (217). Report on the possibility of making 
cement in the United Provinces. 

1870. Palmer (1860). On artificial stone made with kanhm 
" lime. The best results were obtained by compressing 
kankar nodules and hme in wooden moulds, using a 
moderate amount of water. 

1872. Thomson (1774 — i). Directions for making analyses 
of kankar and mortar. 

1873. Twomlow (1821). By slaking kankar lime with a 6 
per cent, solution of sulphuric acid, a selenitic mortar 
was produced having double the strength of ordinary 
mortar, and nearly half that of Portland cement* 

1873. Ifielly (1306 — 2). Directions for the manufacture of 
cement from kcmkar, with a table of analyses. 

1875. King (985). Results of experiments in making bri- 
' quettes from kankar lime. 

1877. Kielly, Higham, and Brownlow (1306). Report on 
kankar lime and cements used at the Bari Doab Canat 
works. 
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1877. Nielly"(1806 — 3 ). On tlie cbrrect proportion of water 

to be used with cement. 

1878. Dejoux (453 — 6). Notes on the preparation of mor- 
tars, cements, and concrete, .with an explanation of the 
processes involved in their setting. 

1902. Watt (1903 — 4 , 137). A smnmary of information re- 
garding the principal sources of lime in India, and its 
industrial uses. 

AFflHANISTAN. 

Portions of a broad belt. of crystalline limestone which runs along 
the crest of the Siah Koh are worked for statuary marble (Griesbaoh 
708 — 21, 71). The small quantity of marble that has been used for 
ornamental purposes in Kabul is said to have been brought from 
MAiDAKr (34° 22' : 68° 52') to the west of the city (Hayden, 793 — 20, 
345 ; —22, 21). 

ANDAMAN ISLANDS. 

Mallet in 1884 (1159 — 42 , 85) called attention to the existence 
of limestone in large quantitito at South Cobbyn, near Port Blair 
(11° 41' : 92° 43'). Analysis showed that it was equal in purity to 
the limestone of Katni. A pink variety of this limestone has since 
been used to a limited extent for decorative purposes at Port Blair 
.(Tipper, 1787 — 9, 213) ; but its value as a building stone is reduced 
by the numerous veins of calcite which traverse the rock. The 
time used in the settlement is obtained from coral reefs (B. 470). 

Some of the sandstones in the South Andaman have been used 
iot building, bqt are soft and easily weathered (Tipper, 1. c.): 

Ball (71 — 11, 237) suggests that the serpentines which are. largely 
■developed in the neighbourhood of Port Blair, especially near 
Homtoay’s G-hat, might be used for ornamental purposes. 

ASSAM. 

Khasi and laintia Hills. — For nearly a century the lime used for 
building purposes in Calcutta, and those parts of Lower Bengal 
where kanhar is not available, was mainly derived from quaixies in 
a band of nummulitic limestone exposed along the southern face 
of the Khasi and Jaintia hills. A full account of the distribution of 
the limestone, and of the manufacture of the lime, has been given 
by Dr. Oldham (1326—8. 134, 180). The stone is riot burnt on the 
spot, but is brought down in boats during the rainy season to villages 
along the Surma R. in Sylhet, where it is burnt, when the river has 
fallen, in primitive kilns excavated in the high banks, reeds obtained 
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{from the numerous jhils or swamps of that district being used as 
fuel (B. 469). 

The amount of stone quarried is stated by Dr. Oldham in 1864 
to have been 60,000 tons aimually, on an average of t^i years, and 
the output of lime about 66,000 tons. For the five years 1909 to 
1913 the average yearly production of limestone was 96,402 tons. 
The output in 1914 was 108,431 tons, and 103,736 tons in 1916. 

The grey Cretaceous sandstones which constitute the plateau of 
Cherba Punji (26° 17' : 91° 47') would furnish an excellent building 
; stone, according to Watson (1902 — i, 30). 

Lakliimpur. — ^The lime used in Upper and Middle Assam has 
been mainly supplied from boulders and pebbles collected in the 
■beds of the Himalayan torrents (Medhcott, 1197 — 9, 412). A list 
■of localities in which limestone occurs is given by Hannay (760 — s 
341), who says that a variety from the foot hills between the Dihang 
R. and Brahmakhund would be suitable for ornamental purposes. 

Naga Hills.— Elates of good quality are to be found in the Disang 
.series in the valleys of the Tuzu and Tepe rivets, and are used in 
some of the villages for roofing purposes and for whetstones (Pascoe, 
1369—12, 263). 

Sibsagar.— A band of shelly limestone, probably of lower Siwalik 
. age, and 2 ft. 6 ins. thick, occurs neat the hot springs on the Nambor 
R. (26° 24' : 93° 66 '), and has been quarried to some extent for lime- 
burning and for road-metal (Bigge, 125 — 2 , 133 ; Smith, 1657 — 2 , 
87, 92). A similar band crosses the Doiobung, a stream about 4 
miles W. of the Nambor, and is here from 5 to 6 ft. thick. It 
contains about 7.3 per cent. CaCO^ (La Touche, 1034 — 6 , 32). 

Thick beds of nodular, earthy limestone, of nummulitic age, are 
exposed at the falls on the Jamxjna R. (26° 0 ' : 93° 26'), and have 
been traced along the eastern flanks of the Mikir hills to the village 
of Panoso (26° 18' : 93° 60'), where they appear to die out (Smith, 
1057 — 2 , 81). They arc well seen in the valley of, the Haria Jan 
(26° 4' : 93 ° 49 ') where they attam a thickness of 300 ft., and in 
that of the Deopani R. (26° 12 ' : 93° 63'). 

BALUCHISTAN. 

Limestones of various ages, from Jurassic to Miocene, are widely 
distributed throughout Baluchistan (Vredenburg, 1854—36, 191), and 
would furnish inexhaustible supplies of excellent building stone and 
.of lime ; but the demand for these materials is slight, except in the 
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neighTjourliood of the Sind-Pishin railway. Cretaceous limestone is 
used for building purposes at Quetta (Blanford, 148 — 73 , 232). 

BENGAL. 

Bankara. — Quartzites were at one time quarried at Sustjnia hill 
(^ 3° 24' : 87° 2' 30") on a somewhat extensive scale (Ball, 71 — 46 , 
110). Large quantities have been used in Calcutta for paving, and 
as copings and curb stones (B. 548). This is the stone reported on 
by Piddington (140S — 72 ) as of excellent quality, and comparing 
favourably as regards the absorption of moisture with Chunar stone. 

Bnrdwan. — Many of the sandstones of the Damuda series in the 
Ranigan] coal field would furnish good building material, especially 
the hard bands in the Eaniganj group, the calcareous sandstones 
in the lower portion of the Talchir group, and some of the beds 
near the top of the lower Damudas (Blanford, 148 — 7 , 195). Coarse 
grained sandstones have been quarried at Babakah (23° 45' : 86° 
52') for exportation to Calcutta (BaU, 71 — 46 , 110), but were found 
to be incapable of withstanding great pressure (B, 546). 

Darjeeling. — ^The building materials available in the Darjeeling 
district have been fully dealt with by Mallet (1159 — 6, 83 — 90). 
Cineiss, which is readily spht into blocks of convenient size, is used 
for rubble masonry. lime in inexhaustible quantities might be 
obtained from the dolomites of the Baxa series, but the actual 
'supply is entirely derived from beds of calcareous tufa. A list of 
the localities at which these are known to occur is given at p. 88. 

Some of the harder sandstones of the Tertiary beds would furnish 
good freestone, but they would require careful selection. 

Coarse slates are obtainable from the Baling series, but are ’ of 
small size and too brittle to be easily trimmed (B. 467, 555). 

BIHAR AND ORISSA. 

Cuttack. — Laterite is largely used in this district as a building 
stone, for which purpose it is well adapted on account of the ease 
with which blocks of any size required may be , out and shaped 
when the rook is freshly quarried, and. its property of hardening 
when exposed to the air (Righy, 1485 ; Blanford, 148—3 ; —3^ 
69). According to Righy. it is procurable over a line extending for 
about 60 miles in length in a S. W. direction from Cuttack. The 
superficial layers only, to a depth of 2 or 3 ft., arc suitable for build- 
ing ; beyond this depth the rock becomes too soft for use (B. 650). 
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Lime is manufactured eitKer from shells collected on the sea 
coast, or from hankwr, ’srhich is mainly obtained from the Dbenadi, 
to the S. of Cuttack, and other rivets in the delta of the Mahanadi 
<Eighy, 1486). 

' Sandstones from the Rajmahal group, occurring at Killah Mootree 
on the Mahanadi, about 10 miles above the town, are used for 
cornices and screen work in Cuttack (Eighy, l.o.). 

Oangpur. — limestones in the Cuddapah series are being worked 
by the Bisra Stone Lime Co. at Bisra (22° 15' : 86° 4') and Eotokbla 
( 22° 13' : 84° 67'). The average annual output for the five ydars 
1909 to 1913 was 36,496 tons (862, 246). 

Hazaribagh. — Sandstones from the Talchir group in the Bokaro 
coal field have been used for building and as paving stones at Hazari- 
bagh (Hughes, 888 — 2, 108). They require careful selection, as 
they are apt to contain silt galls. 

Kalahandi. — A short distance E. of Kasipur (19° 21' : 83° 11'), 
the sillimanite schists are traversed by narrow veins of a very fine 
grained cryptocrystalline aluminous rook, locally known as lal 
^athar, reddish or brownish in colour and soft enough to be cut 
and carved into small ornaments (Walker, 1872 — 3 , 21). 

Manbhum. — ^Mallet has described in detail (1169 — ll) two occur- 
rences of limestone near the western end of the Eaniganj coal field. 
At Baohmara (23° 39^ : 86° 48') N. W. of Panchot hill, two bands 
of limestone are exposed in the lower part of the Eaniganj group. 
The upper band contains too much arenaceous matter to be used 
for making lime, but the lower band, 12 ft. thick, was found to 
yield on analysis 68-40 per cent. CaOOs and 14-41 per cent. MgCOs. 
It had been quarried for use as a flux at the Barakar iron works. 

At Hansapathar (23° 38' : 86° 43'), 6 miles further to the W., 
the limestone is crystalline and interstratified with gneiss. It is 
from 70 to over 100 ft. in thickness, and has been traced along 
.the strike for a distance of at least two miles. On analysis it gave 
83-43 per cent. CaCOs (B, 371, 458). 

Slates of inferior quality are procurable from the sub-meba- 
morphic rocks (Dharwars) in the southern portion of the district 
(Ball, 71 — 46 , 112). The cleavage is not sufiiciently developed to 
have obliterated the lamination of the rook, uud the slates are 
■therefore apt to break into rhomboidal fragments (B. 662). 
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Monghyr.— Buchariaii-Hainilton in 1831 gave an account of the 
locks of the Kharakpur hiUs, and mentions the quarrying of horn- 
blendic schist at Lahbta, 16 miles to the S. of Monghyr, and other 
localities, both for bmlding and for making quern stones (222 — 

35). He also noticed the emstence of slates in these hills (p. 37). 

In his annual report for 1848-49 (1117 — 33, 26), McClelland! 
drew attention to the excellent quahty of the slates of the Elharakpur 
Jiiills, and suggested a site midway between Gobmaha (25° 6' : 86° 
23') and Bhim Bhand (25° 3' 30" : 86° 27') as the best for a quarry. 
The slates had already been worked on an extensive scale (Sherwill,. 
1624r-2, 196). 

The rock is a slightly metamorphosed phylhte, probably of 
Diarwarian age, and dips at an angle of about 70 degrees, so that 
it is conveniently situated for quarrying. The cleavage is not 
suflSciently developed to give the finest varieties of roofing slate ; 
but fine slabs are procurable and are used for flooring, ceilings, 
etc. (862, 286 ; B. 662). 

The average annual output from the quarries now being worked 
by Messrs. C. T. Ambler & Co., near Jamaxpur (26° 19' 86° 33') 
was 1,677 tons for the five years 1909 to 1913. In 1916 the output 
was 2,800 tons. 


Palamau. — Bands of crystalline limestone of considerable thick- 
ness are exposed between the villages of Olheepat (Oibypat. 23° 
60' : 84° 48') and Deredag, on the eastern edge of the Auranga 
coal fi.eld (Ball, 71 — 32, 32). The rock is of great purity, yielding 
91-9 per cent. CaCOg. A less pure limestone, with only 60'8 per 
cent. CaC 03 , occiirs in great abundance in the Maila E., half a 
nxile E. of Sathbarwa (23° 55' 30" : 84° 19'). Some of the Olherpat 
rook is perfectly white, and could be used as statuary marble (B. 
469). 

Sambalpur. — Lateritc is commonly used for building at Sambalpur, 
being preferred to other materials on account of its durability and 
the facility with which it is wrought (Voysey, 1853 — 7, 861). 

Limestone bands occur at four distinct horizons in the lower 
Vindhyan rocks exposed on the banks of the Mahanadi in the neigh- 
bourhood of Padampdr (21° 45' : 83° 38'). Limestone also occurs 
at Kujerma (22° 0' ; 84° 9' 30") to the north, and at Bolangir 
(20° 43' : 83° 33') to tke south of Sambalpur in metamorphic rocks- 
(Ball, 71—28, 178, 182, 183 ; B. 460). 
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Santal Parganas. — Ball (71 — 26 , 236) has enumerated the building 
materials to be found in the Rajmahal hills, and the localities jiiost ■ 
favourably situated for working them. Basalt is widely distributed, 
and has been used for building temples, forts, etc., not only in the 
hills themselves, but at places situated at a distance in the plains. 
Large quantities are also sent to Calcutta for use as road-metal. 

Dme is manufactured from beds of calcareous tufa and from 
hrnlcar. The chief deposits of the former occur at Mohwagarhi 
HILL (24° 29' : 87° 27') ; in a valley S. of Eajabhita (24° 41' : 87° 
29') ; and between the villages of Gohoti and Simhetola, to the 
E. of Bindeabun (25° 1' : 87° 46'). Tanner (1744) has also reported 
upon a deposit of considerable size. at a place called Astjbni (?),, 
where it was known to the natives imder the fanciful name of 
Asurhar, or “ Giants’ Bonos.” 

Sandstones in considerable variety are obtainable in the northern 
and southern portions of the hills, from the Damuda series. Some< 
of the intertrappean beds would also supply useful flagstones, and. 
have been used for bridge building near Bukio (25° 2' : 87° 39')/ 
in the centre of the hills. 

Shahabad. — A group of thin-bedded limestones, occurring in the 
Vindhyan series at the base of the Kaimur scarp, has been exten- 
sively quarried for lime near RoHTAsdAKit (24° 38' : 83° 58') on 
the banks of the Son R. (Sherwill, 1625 — 6, 281). A series of papers 
by Dejoux (453, i — 4) describes the results of experiments on cement 
made from lime and clay obtained from the quarries situated at 
Maegohi, 10 miles from Dehri-on-Son. The product is said to have 
been equal to Portland cement. » 

The Vindhyan sandstones forming the table-land of the Kaimur 
range in the southern portion of the district have boon extensively 
quarried for building purposes (Martin, 1181, Vol. I, 510 ; Sherwill, 
1625 — 5 , 280). The stone is a compact whitish freestone, strong and 
durable, and has been largely used on the Son irrigation works 
(B. 544). 

Singhbliuin. — Slates of an inferior quality are of common occur 
rence among the sub-metamorphic rooks, and w'n^u polished are 
occasionally used as writing slates. Some varieties are quite equal 
in texture to those from the Kharakpur hills in Monghyr (Ball, 
71 — 46 , 127). '*•' 

BOMBAY. 

The basalts and intercalated tuff beds of the Deccan trap series 
are so widely distributed throughout the Bombay Presidency that it 
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ia not necessary to refer in detail to all tte localities where they are 
to be obtained, or have been made use of for building purposes. 
The composition of the difierent flows of trap varies greatly, and 
as Blanfoid has pointed out (148 — 22, 379), some caution is neces- 
sary in selecffing those which are most suitable for building. Beds 
containing strings of zeolites, for instance, are soft, brittle, and 
liable to decompose. The ash beds are not equal in strength, 
toughness, or durability to the sohd basalts ; and no rocks of a red 
co-lour should be used, as they are almost always decomposed. The 
best varieties are the porphyribic basalts, such as those which form 
a large proportion of the rocks on the Thal Ghat (B. 538). 

Bell (99 — 1) has written a memorandum^' on the selection ands 
use of the Deccan basalts, with critical remarks on the native methods 
of dressing the stone. His paper also includes (p. 169) a statement 
showing the relative absorption- of different varieties of basalt as 
compared with bricks. 

Cowasjee (879) has given the results of a series of tests of the 
comparative strength of Kurla trap and other building stones used 
in Bombay, 

Baroda. — The following building stones and localities are men- 
tioned by Foote (596 — 40 , 116 — 132) : 

ViKPUR (23° 45' : 72° 51'). Pale pink and greyish pink granite, 
very tough and durable ; moderately coarse ; takes a very high 
polish. 

Bhulvan (22° 12' SO" : 73° 39'), on the Orsang E. Pale pink 
and green granite; when unweathered should take a high polish. 

Bhadrali (22° 13' 30": 73° 41'). Black and white gneiss ; a very 
handsome stone. 

Tandalja (22° 13' : 73° 48'). Pale red felsitic rock* 

Motipura (1 mile N. E. of Bhulvan) "i Green, pink, and white 

Harikua (1 mile S. W. of Bhulvan) . J mottled linaestone, occur- 
ring as bands in gneiss. Makes a very beautiful marble. Pale 
brown and cream coloured varieties also occur. ^ 

Sandara (22° 4' : 73° 39'), on the Heran R. Hard compact 
limestones of various colours ; a first class building stone. When 
brecciated makes a very handsome marble. 

Aohali. (22° 19' : 73° 41') ) 

Lacharas hill (22° 7' : 73° 46') ?• Flaggy quartzite. 

Sihadra (22° r : 73° 49') J 

Sandia (Kundia, 22° 6': 73° 44'). Siliceous breccia; an ex- 
tremely hard and dense rock, of red and white colours. Suitable 
br slabs and pillars. 
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SoNGiR (22° 6' : 7S° 41'). Sandstones of considerable variety as 
to colour and character of grain. An excellent freestone. Has been 
quarried on an extensive scale, but -without method. 

The existence of slates of promising quality among the Champaner 
beds near StrRAjPUE (22° 25' 30" : 73° 40' 30") is mentioned by 
Blanford (148—22, 379). 

See also Kathiawar below. 

Belgaiim. — band of granitoid gneiss to the S. of Belgaum, 
between Ganibail (15° 41' : 74° 34' 30") and Khanapub (15° 38' : 
74° '34'), woilld furnish building stone of excellent quality, according 
to Foote (698 — 12, 257).’ 

Bijapur. — In a memoir on the geology of the S. Mahratta country 
(596 — 12), Foote mentions the following localities in this district 
where building stone is procurable : — 

Bijapue (16° 50 ; 75° 47'). Basalt has been extensively used for 
old buildings in the town (p. 266). ' Hewbold (1294 — 24, 946) 
remarks that the stone is very uneven in quality. 

Bilgi (16° 21' : 75° 41'). A red and green variety of porphyritic 
granitoid gneiss occurs here (p. 257). Hard quartzite from the over- 
lying Kaladgi series has also been quarried (p. 261). 

l^LADGi (16° 12' : 75° 34'). A great variety of limestones, 
banded in pink, green, purple, and grey to black colours, occurs 
in the immediate neighbourhood of the town (p. 116). These belong 
to the lower Haladgi series. 

XTGX 7 Nr (16° 34' : 76° 32'). ") Pale drab and cream coloured 

Channub (16° 29' : 76° 37'). > limestones belonging to the 

Mailesiiwar (16° 28' ; 76° 24'). J Bhima series are quarried at 
these places, and are much esteemed, especially the cream coloured 
variety (p. 154). 

AiiroLT (I-WUBEK, 16° 1': 75° 57'). Fine cream coloured and 
reddish yellow brown sandstones have been extensively quarried for 
ancient buildings, and are of excellent quality (p. 260). 

Gtoue (1 5° 56' : 75° 58' 30") "I . Thick bedded sandstones oc- 

Paevati (16° 2' : 75° 51') J curring at these places are well 

worth attention (p. 262). Hewbold (1294—24. 948) also mentions 
that a bed of sandstone underlying trap at Aikopue (16° 28' ; 76° 
6') is much used for building. 

Haligwei (16° 0' : 75° 32'). Fine flagstones are procurable here, 
and have been extensively quarried (p. 262). 

The schists of the Dhaiwar series are much used for rough 
purposes. The town of HumrouinD (16° 4' : 76° 8') is entirely built 
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of poor hematite schist from Hunugund hill (p. 258). Newbold- 
(1294 — 23, 935) says that long slabs of hornblende schist obtained, 
from ravines on the banks of the Kistna B. near Dhanur (16® 
ir : 76° 9") are used for building. 

The existence of slates among the rocks of the Kaladgi series* 
has been noticed by several writers. Jervis in 1832 (944—1) stated 
that the finest description of roofing slate was procurable at Lokapur 
(16® ' 10' : 75° 26'). His opinion was afterwards corroborated by 
Newbold (1294— 20, * 18 ; — 41, 274), who mentions the occurrence- 
of good slates at Sillikeri (16® 9' : 75° 35') near Kaladgi ; and by 
Rigby (1484 — 1), who says that, fine slates are quarried in .the 
neighbourhood of Talikota (16° 28' : 76® 22'i), and that the town 
is entirely, built of this stone. On the other hand, Foote (596 — 12,. 
262) describes the slates of Sillikeri as. being merely hard, thin 
shales, and says that they were found not to answer well as roofing 
slate. 

Cutcli. — The building stone's of this district have been described 
by Wynne (1975—11, 91-94). 

The limestones of the Ipwer Jurassic group furnish good black 
and grey, or orange stone. The former is prooiu'able in the hill 
ranges along the coast N, of Bhuj (23° 15' : 69° 44') ; and the latter 
occurs in quantity at Baimalru hill near Kaora (23° 50' ; 69° 45') ^ 
in Patcham I. 

A red or yellow, thin bedded, calcareous rock occurring in* the 
same group in Patcham I., largely composed of broken shells, is 
susceptible of a good polish, and is known as Dokawana marble. 

Sub-recent concrete, or coarse soft calcareous sandstone, closely 
resembling the '' Porbandar stone '' of Kathiawar, is largely quarried 
onthe^at descending from the Charwar rang-e S. W. of Bhuj and 
elsewhere. The stone has a fine white colour, and hardens on 
exposure to the air. 

Sandstones are plentiful and are extensively used. The best 
vaiieties are furnished by the lower Jurassic group. Those from 
the upper Tertiary beds are soft, and when they contain salt are 
liable to rapid decay. 

Dharwar. — Foote (596—11, 134) mentions the occurrence at 
Dhoni (15® 17' 30" : 75® 47') of grey and greenish gi‘ey crystalline 
limestone, in beds of considerable thickness, which would jdeld a 
building stone of great beauty and excellence. 

Cliloritic' schists have been used for building the famous temples- 
at Gadag (15° 26' : 75® 42'), and are susceptible of being most 
elaborately and delicately carved (Foote, 596 — 12, 258). 
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War. — Tie sandstone quarries of Ahmbdnagar (2S° 36' : 73“ 1') 
yield an excellent freestone. Marlble and granite may also be- 
obtained in any quantity (Hayden, 793 — 26,83). 

Kathiawar. — The following building stones are mentioned by 
Fedden (569— e, 134-136) : — 

A finely oolitic and highly organic, porous limestone, known as 
“ miliolite," or more commonly as “ Porbandar stone,” from the 
name of the port whence it is shipped to Bombay and other places, 
is extensively quarried along the' western base of the Barda hills, 
especially in the neighbourhood of Eanpttr (21° 50' : 69° 45'). 
The stone is of a fine white or buff colour, very obliquely laminated, 
and is easily worked. The refuse chips and rubble are burnt for 
lime, which is said to be of excellent *quality. 

A full account of the mdde of occrrrrence and character of the 
rock has been given by Evans (655 — 7, 561). 

Artificial stone made from powdered Porbandar stone and sand 
from dunes on the coast of Cutoh is described by Pye-Smith ( 1444 ) 
as having given good results. 

White mottled hard marble, consisting of a mixture of aragor 
•nite and oalcite, occurs at the villages of Khieasba (21° 67' : 70° 
22') and Sajriala (21° 66' : 70° 37'), forming an irregular vein 
not more than 30 ins. in width in trap rocks. The stone is capable 
of a high polish, but is found only in limited quantities. 

Light coloured kaolinic sandstones of upper Jurassic age occur in 
the neighbourhood of Eheangadea (23° 0' : 71° 32'), where there 
•are extensive quarries. The stone is much esteemed for building 
purposes, and has occasionally been exported beyond the limits of 
the district. 

A bed of sandstone of remarkably fine texture is quarried at 
Baoli (22° 56' : 71° 27' 30"), and is used as a whetstone or for 
ornamental purposes, also for making cups, pipe bowls, etc. 

(Baroda). Foote (596 — io, 172-180) mentions the following build- 
ing stones as occurring in the portions of Kathiawar which belong 
to the Baroda State : — 

Basalt is quarried on a large scale at Ameeli (21° 36' : 71° 1-6') 
and Gaodka (21° 32' 30" : 71° 13'). 

A dyke of porphyritic diorite near Rupavati- (21° 11' : 71° 8') 
would yield a very handsome stone. It is of a blacldsb colour, with 
felspathic grains of a warm green tint. ^ 

Dykes of light coloured acidie trap occur at Dameagae (21° 
42' ; 71° 35'), Sakhptte (21° 33' : 71° 34' 30"), and Dhalkania (21° 
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14' 30' : 70° 59'). The stone is suitable for high class buildings, 
but has only been quarried at Damnagasr 

A calcite rein occurring near Pipalwa (21° 7' 30" : 71° 15') 
would yield a handsome marble of mottled white and grey colour. 

“ Miliolite ” of equal quality with that of the Barda hills occurs 
in inexhaustible quantities in the neighbourhood of Kodimtar (20° 47' 
30" : 70° 46'). 

A brown flaggy limestone occurring at Shbdaya (20° 53' : 70° 
51') is said to be worthy of attention. 

The brecciated limestone found at and to the S. of Rajpota 
Bandar (22° 24' : 69° 9') is a strong fine grained grey stone of 
pleasing appearance. 

A dense shdly limestone occurring near Bardia (22° 12': 69° 
5') would form a marble suitat)le for decorative purposes. It is of 
a pinkish yellow colour. 

(Navanagar). — Adye has recently given (11, 132, 150, 232) an 
e:^austive account of the mode of occurrence and origin of the 
“ miliollte ” liinestones of the Navanagar State, together with notes 
on the distribution and economic value of the stone. 

The following building stones are also described by Adye : — 

Felsites and granophyres (p. 186). These occur in great abun- 
dance in the Barda (21° 50' : 69° 50') and Aleoh (21° 50' : 70° O') 
hills. The stone is fine grained and tough, of whitish and greyish 
colours when fresh, and is excellently suited for ordinary building 
or for ornamental purposes. 

Habardilite (p. 203). A hard conglomerate composed of pebbles 
of latcrite cemented by calcite, taking a good polish. It occurs in 
beds 4 to 6 ft. in thickness at Habardi hill (22° 13' 30" : 69° 26'). 

Palagonite (p. 100). Bands of a dense black or green structureless 
stone, susceptible of a high polish, and occurring in blocks from 4 
to 6 ins. in thickness, were observed on the rising ground about a 
mile to W. of Raninupue (22° 14' 30" ; 71° 8' 30"). 

Pindaralitc (p. 176). A finely-textured fossiliferous limestone, 
occurring in the Gaj group at Pindara (22° 15' : 69° 19'). The stone 
is of a yellow or orange brown colour, becoming red when sun- 
baked, and is suitable for architectural work of every description. 
At Pindara and other places in the neighbourhood it forms a bed 
about 2 ft. in thickness. 

Ramwaralite (p. 183). A dolomitized variety of Pindaralite, 
occurring as a bed 2 to 3 ft. in thickness in the Ramwara stream, 
2^ miles to E. N. E. of the village of Gurgat (22° 12' : 69° 16'). 
The stone is soft when quarried, but rapidly hardens on exposure. 
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**(RajSiar*} (173—23, 186) mentions the foUo^ng 

building stones as worthy of attention 

Marbles varying in colour from black to greenish and white 
occur in the Bagh beds, in layers from 2 or 3 ins. to as many feet 
in thickness. The black varieties take a good polish. They are 
exposed at the following localities : — 

A mile S. E. of Goba {2V 52' : 73° 45'). 

ZuLTA Amda and Vanji (21° 54' ; 73° 62'). 

Mokhadi (21° 49' : 73° 48'). 

Todakhail steeam (21° 47' : 73° 62'). These are the most 
extensive deposits. 

Quartzitic, sandstones well suited for building purposes are found 
in all -the outcrops of the Bagh beds. They have been quarried at 
Sakva (21° 61' : 73° 40' 30"). , Massive sandstones belonging to 
this group exposed along the" Deva R. would furnish excellent 
material, according to Blanford (148 — 22 , 380). 

The best stone for ordinary purposes (Bose, l.c., 187) is a tracliytic 
rock intrusive in the Deccan trap. It is a greyish white, moderately 
hard, massive rock, and takes a fairly good polish. Outcrops of the 
stone occur in Karia hill (21° 41' : 73° 20'), 7 miles from the railway 
at Rajpardi, and in Bardaru hill near Undi (21° 40' : 73° 23' 
30"). 

Bedded tufis in the Deccan trap series have been used for building 
temples at Rajpipla (21° 47' : 73° 37'). They also odour to 
the S. of Samaria and Mota Amba (21° 61' : 73° 40"). 

Sind. — Limestones for building purposes are procured from the 
Ranikot, Khirthar, and Gaj beds, all of which also furnish excellent 
lime. The best variety of limestone is perhaps that found at 
Jhirak (25° 3' : 68° 19'). It is a light yellowish brown, fine grained 
rock, derived from the Ranikot beds. At Karachi a whitish, rather 
porous limestone from the Gaj bods, resembling the ‘ Calcairo 
grossier ' of Paris, is extensively used (Blanford, 148 — 63, 194). 

Merewother (1206 — 2) and Price (1429) have described the results 
of experiments in preparing cement and eftneteto from hydraulic 
lime made locally, and sand or clay brought from the bed of the 
Lyari R., during the construction of the Karachi Harbour works. 
The use of salt water was found to add to the strength of the cement, 
but it was inferior to Portland cement. 

Barns (79 — 3) has also given examples of the excellence of 
hydraulic cement made with lime from the Khirthar beds at Sukkue 
( 27° 42' : 68° 65') and surhi, or powdered bricks. 

39 




buhduto materials. 


Sandstones of good quality might be obtained from the lower 
beds of the Nari group. Those from the Manchar beds (upper 
Tertiary) are usually too soft for the purpose (Blanford, 148 — 63 , 
194). 

Surat. — ^Nummulitic Umestone occurs in great quantities around 
'Taekeshwae (21° 22' 73° 7'), to the IT. B. of Surat (Blanford, 
148 — 22, 379). A list of the building materials obtainable in the 
district is given in the Bombay Gazetteer, Vol. II, p. 38. 

Thana. — The varieties of basalt which have been found most 
suitable for building purposes in Bombay are mentioned by Carter 
.(288—8, 208). 

A considerable proportion of the lime used in Bombay is derived, 
according to Buist (228 — 17 , 16), from deposits of shelly sand- 
stone or littoral concrete found on Vesava Island (19° 9' : 
72° 62'). The results of a series of tests carried out in order 
to determine the strength of mortars and concretes • made in 
Bombay have been given by Chadwick (299). 

BURMA. 

Amherst. — Limestones occur abundantly in the neighbourhood of 
Maulmein (16° 30' : 97° 40'), and would furnish unlimited supplies 
of building stone and lime (Low, 1097 — 2, 156). Some of these 
rocks are capable of taking a high polish, but the numerous veins 
of oalcite which traverse the stone render it brittle when cut into 
flooring slabs (O’Riley, 1340 — 3 , 743). 

#. 

Bassein. — A band of Umestone 30 to 40 ft. thick occurs near the 
Bassein ,R. to the S. of Thamandbwa (16° 23' : 94° 42'), and has 
been traced for a distance of at least two miles. The quality is 
said to be good, and the locality is easily accessible by water. Large 
deposits of limestone also occur at Banmi (17° 19' : 94° 41'), on 
the western coast of Arakan. The rock is a very pure carbonate 
of lime, containing 96'4 per cent. CaCOs (Theobald, 1763 — 16 , 344, 
345 ; B. 470). 

A soft calcareous sandy rock, resembling in some respects 
the " Porbandar stone ” of Kathiawar, occurring in abundance on 
Korangyi I. (16° 31' : 94° 17') and the adjoining mainland, is 
highly recommended by Theobald (1763 — 16 , 340) for trial as a 
building stone. The deposits exist in a position very favourable 
for working, as the stone could be loaded into vessels under the 
ilee of the island. 
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Kyaukpyu. — Limestone occiirs at seveial localities along the eastern 
isic^e of Eamei I. (Mallet, 1169 — 14, 221). The most important 
-deposit was found to the N. of Yaicthek (19° 8' : 93° 56'), where it 
is continuous over an . area of many acres, close to a tidal creek. 
The stone contains 94’4 per cent. CaCOs (B. 470). 

Sfandalay. — A chocolate coloured limestone of Ordovician age 
has b’een quarried near Zebingyi (21° 53' : 96° 21'), on the ascent to 
the Shan plateau, and sent to Rangoon for use in the building of 
the Government Hospital. Large quantities of lime are manufac- 
tured at Tonbo (21° 63' : 96° 16') near the foot of the hills, and at 
Zebingyi, from limestones of Carboniferous and Silurian age (La 
Touche, 1084 — 45 , 376). 

The Sagyin hills (22° 17': 96° 7'), 20 miles N. of Mandalay, 
.are to a great extent composed of a beautiful white marble, much 
•esteemed by the Burmese, and used to a certain extent for orna- 
mental screen work, but mainly for carving images of the Buddha, 
many of them of colossal size. The stone is brought down the 
Irrawaddy in boats to Sagaing, where it is worked into shape. Full 
•details of the process of quarrying, dressing, and polishing the 
marble have been given by Oldham (1826 — 17, 326). 

Harble of a similar kind, often banded with grey, occurs in 
Unlimited quantities at Kyaitks 4 (21° 37' : 96° 11'), to the S. of 
Mandalay. Enormously thick bands of the same crystalline lime- 
. stone extend across the Ruby Mines district, from THABBiKKYiir 
,(22° 53' : 96° 1') on the Irrawaddy to and beyond Moodic (22° 66' ; 
96° 33'). Here, however, the texture of the stone is usually much 
inferior to that of the Sagyin marble (La Touche, 1034 — 46, 376). 

Shan States (N.). — ^Tho dolomitic limestones which cover a very 
large portion of the Shan plateau are almost invariably in so 
thoroughly crushed a condition that they are useless for building 
purposes, and are only fit for supplying road-metal for local needs. 
A highly fossiliferous band of middle Devonian age, occurring at 
Padaukpin (22° 6' : 96° 39' 30"), near Wetwin railway station, 
would yield a very handsome marble, being capable of a high polish. 
The limestones of Permo-Carboniferous age, overlying the dolomites, 
also take a good polish, but the known exposures of these rooks 
lie at a considerable distance from the railway, and are not likely 
to be in demand. 

Some of the harder bands among the sandstones of Jurassic age, 
(Namyau series), which are strongly developed in the eastern portion 
•of the Shan plateau, would yield excellent building stone; but so 
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far there has only been a limited local demand for this purpose in 
connection with the railway. Sandstones quarried near Hsipaw 
( 22° 37' : 97° 20' 30") have been used for the piers of a bridge' over 
the Nam Tu at that place, and were found to answer well (La 
Touche, 1034 — 45, 375). 

Thaton. — Since the year 1907 there has been a large output of 
granitoid gneiss from quarries situated at the base of the scarp of 
the Shan hiUs B. of the Sittaung E. (see La Touche, 1034 — 39, 100). 
The stone has been extensively used by the Burma Railways Co. 
and on the Town Lands Reclamation Works in Rangoon, about 
300,000 tons having been raised annually. 

Quarries were opened in 1909 on Kalagauk I. in order to supply 
similar stone for the Rangoon River Training scheme. The output 
reached a total of 295,125 tons in 1912, but on the completion of 
the scheme in 1914 the quarries were closed (862, 243). 

Thayctmyo. — Limestone is of common occurrence along the east- 
ern base of the Aiakan Yoma, but the most accessible locality is 
near Thayetmyo (19° 19': 95° 14'), where a band of nummulitic 
limestone, forming a hill to the S. of the town has been extensively 
quarried for lime burning (Theobald, 1763—16, 344). Ranking 
(1458, 68), ^ys that the linle makes excellent cement, but is not 
hydraulic. 

Toungoo. — Sandstone quarries near Toungoo (18° 55' : 96° 28') 
were examined and reported on by Cotter {see La Touche, 1034 — 39, 
101) in 1909. The stone is of two qualities : — (1) Yellow calcare- 
ous sandstone from 200 to 300 ft. thick, exposed for about a mile ; 
soft when freshly cut, but hardens on exposure. (2) Purple and 
pink sandstone of medium grain, harder than the yellow stone ; 
occurring in layers averaging about 6 ins. in thickness. 

CENTRAL INDIA AGENCY. 

Both limestones and sandstones of excellent quality for building 
purposes are procurable in any desired quantity from the several 
members of the Vindhyan System, which occupies an area very 
nearly coinciding with that included in the political boundaries of 
the Agency, except in the south and west, where it is concealed 
to a great extent beneath a covering of Deccan trap. The general 
distribution of the Vindhyan rocks has been described by Mallet 
(1159 — 3), and their development in special areas by the following 
writers : — 

Bondelkhand : MedUcott (1197 — 2). 
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Panna State : Vredenburg (1864 — 17). 

Rewah, Son Valley OldStam, Datta, and Vredenburg (1325). 

The best varieties of sandstone are furnisbed by the Eaimur 
group, the lowest member of the upper Vindhyans. They are 
usually fine grained, of white and pale buff or reddish colours, and 
occur both in massive beds free from joints and fissures, and in 
flaggy layers which may be used as flooring slabs. The stone from 
the overlying Eewah and lower Bhander groups is usually more 
harsh and gritty in texture, and of a darker red colour ; but some 
of the finest building stone in India is quarried locally from the 
upper Bhander stage (Mallet, 1169 — 3 , 116). 

Ctwalior. — Chmninghaih (899 — 4) has given the results of ex- 
periments in testing the strength of beams cut from Vindhyan 
sandstones occurring in the neighbourhood of Gwalior. 

The existence of slates of fair quality in the -Bijawar series near 
Bagh (22® 21' 30" : 74° 51'), in the Amjhera division of Gwalior 
State, has been noticed by Blanford (148 — 22, 379) and Bose (173 — 6, 
14). These slates have since been favourably reported on by Jones 
(see Hayden, 793 — 26, 84). 

Indore. — Bose (178 — 5, 70-72) mentions the chief building stones 
procurable in the neighbourhood of the Narbada E.* The finest 
variety is a coralliue limestone of upper Cretaceous age, which 
furnishes a handsome marble, capable of a high polish. It was 
formerly quarried at Bowaela and Khbbwan (22° 19' ; 76° 16'), ■ 
and at Chieakhan (22° 22' 30" : 75° 11'), and employed in the con- 
struction of temples and palaces at Mandhata and Mandu. An 
outcrop also occurs to the W. of Barwai (22° 16' ; 70° 6'), but 
here the rock is rather coarse and thin-bedded, and has not been 
worked to any extent. 

Sandstones of excellent quality may be obtained from ex- 
posures of Gondwana rocks. Quarries have been worked at Ghatia 
and Eupabari near Barwai, and on an extensive scale near 
Katkut (22° 25' : 70° 10').. The stone is durable and soft enough 
to be carved with facility. 

Rewah. — ^Large quantities of limestone are raised at Sutkta (24° 
34' : 80° 53' 30") by the Sutna Lime and Stone Co. The average 
annual output for the five years 1909 to 1913 was: — ^Limestone, 
34,218 tons : Unslaked hme, 18,695 tons : slaked lime 1,818 ton's : 
stone sets, 56,283 pieces. Much of the limestone is sent to the 
Barakar Iron Works for use as flux. 
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Hughes (888 — 29, 220) mentions the following sources of lime- 
Btone in the neighbourhood of the Umaria coal field 




Avbeagb composition. 



CaCOs 

’ 

MgCOs 

I’eg O3 
Al^Os 

la- 

solublo. 

Bodbi (23® 10' : 81® 30') 

% 

. Lameta limest . 

86*60 

6*60 

0*60 

6*90 

Jhaw (23® 27' ; 80® 39' 30^ . 

Bijawar limest . 

51*60 

32-76 

0*76 

14*90 

Kalbsab (23® 31' : 80® 64') . 

Kankai . 

71*40 

3*65 

4*96 

20*10 

Karimati (23® 29' 30^ : 80® 63') 

Tufa 

96*20 

2^10 

1*05 

1*65 

Majgama (23® 33' ; 80® 60') . 

Metamorpliio 

limest. 

73*40 

17*75 

0*90 

7*95 


The Barakar sandstones of the Umaria coal field are soft 'when 
freshly quarried, but become harder on exposure to the air. Ex- 
cellent material is said to be procurable between Kirintal (23° 
30' : 80° 66') and Amha (23° 29' 30" : 80° 67'), beyond the limits of 
the coal field. 

CfeNTRAL PROVINCES. 

Amraoti. — Blanford (148 — 22, 380) notes the occurrence of good 
strong sandstone, free from joints, near Elliohpur (21° 16' : 77° 35'), 
at the base of the southern scarp of the Gawilgarh hills {see also 
p. 277). 

Bctul. — ^Patches of crystalline Uinestone occur among the 
^metamorphic rocks on the edge of the Pench Valley coal field between 
Bakar (22° 4': 78° 12') and Enkawari (22° 3': 78° 4'). Lime 
<50uld also be made from calcareous nodules occurring in the Motur 
group. 

Fine white sandstones are quarried at Sirgora (22° 12' : 78° 
,57'), and at Path6 (22° 10' ; 77° 66' 30") from the Talchir group 
Jones, 952 — 3, 57). 

Chanda. — Good limestone may be obtained both from the Viu- 
dhyan and Lameta groups. The most accessible outcrop of the 
former is at Kandara (20° 18' : 79° 3'), and of the latter at Karam- 
OOHAN (20° 12' : 79° 2' 30"). 

The Kamthi group in the Wardha Valley, coal field affords 
sandstones suitable for all sorts of building purposes. Excellent 
stone may be obtained at Bhutara hill (20° 20' : 79° 8' 30"). 
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It is soft and easily dressed when first quarried, but hardens on 
, exposure. A compact pink argillaceous sandstone occurring at 
IsAPUR (19° 53' : 79° 23') is capable of being carved into the finest 
■tracery work (Hughes, 888 — 20, 112-116). 

Hoshangabad. — Limestone occurring in the Bijawar series, when 
not chert-banded, has been employed for building temples, as neat 
Khudu (22° 14' : 76° 47'), but it is usually too hard to be worked , 
with ease. 

Bijawar sandstone has been extensively quarried at Chibakhah . 
■(22° 26' : 76° 65' 30"), and used for building the fort at Juga, as well 
as temples in the neighbourhood. The stone is coarse and hard, 
and but little prized (Bose, 173—6, 70). 

Thin red sandstone flags from the Eewah group near Hoshan- 
■ OABAD (22° 45' : 77° 47') are used as roofing tiles (Mallet, 1169 — 3, 
117). 

Jubbulpore. — A band of limestone of lower Vindhyan age is 
extensively quarried at Katni (23° 60' ; 80° 28') by Messrs. Cook & 
Sons and others. The average annual output for the five years 
1909 to 1913 was 78,240 tons. According to Mallet (1159 — 36, 
111), much of the limestone is of inferior quality. The best variety, 
■containing 94-66 per cent. CaCOs, occurs in thin beds aggregating 
•only some 10 ft. in thickness. 

White crystalline marble occurs in immense quantities at the 
•picturesque gorge known as the “ Mabblb Books ” (23° 7' : 79° 61') 
on the Narbada E. near Jubbulpore, but it has not been worked to 
any extent. 

Nagpur. — Basalt from the Deccan trap series has been quarried 
for many years at Sitabaldi hiil (21° 9' : 79° 8') near Nagpur. 

A hard dolomitic limestone occurring at Khoraei (21° 15' : 
79° 10') is occasionally quarried and carved into images, etc., 
(Jenkins, 988 — 1, 198). 

The Kamthi sandstones exposed in the neighbourhood of Nagpur 
furnish large supplies of excellent building stone. The quarries at 
SiLEWAOA (21° 17' 30" : 79° 11') have been described in detail by 
Blanford (148 — 33, 310). They yield several varieties of material, 
from compact yellow or buff shale used for ornamental purposes to 
more or less fine grained sandstone of white and purplish colours. 

MacGeorge (1122) gives the results of crushing tests of Kamthi 
; sandstones, carried out in London. The hardness and solidity of 
.■iiie stone were found to increase considerably with lapse of time 
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after bdiig quarried. The average crushing strain was 1,600 lb. 
per square inch. 

Mmar. — According to Bose (173 — 5, 71), sandstone of excellent 
quality has been quarried from an exposure of Gondwana rooks at 
Akhund (22° 10' 30" : 76° 16'). It has been employed in building 
the fort and temples at Punassa, and for the railway bridge 
over the Narbada at Mortaka. 

Raipur. — Bose has reported that the Chandarpur sandstones, of 
lower Vindhyan age, occurring along the southern edge of the 
Chhatisgarh plain, yield good building stone in places (see Griesbach, 
708—31, 39). 

HYOBRABAD. 

Bldar.— Lateritc has been extensively employed as a building 
stone in the town of Bidar (17° 65' : 77° 36'). The seotile beds 
used for the purpose lie at a considerable depth from the surface 
(Newbold, 1294— 18 ; — 32 , 994). 

Gulbatga. — ^An extremely handsome variety of granitoid gneiss, 
containing much epidote (pistacite) in lieu of mica or hornblende, 
occurs in large quantities in the bed of the Bhima R. betwee ■> 
Lingary and Kumxjnur (16° 37' : .77° 14'), and again near Gagvlv 
(16° 28' : 77° 12' 30"), on the S. bank of the Kistna R. (Foote, 
596 — 12 , 257). 

Naigouda. — Thin bedded limestones belonging to the Kurnool 
series are exposed along the left bank of the Kistna R., and afford 
serviceable building stone, besides being burnt for lime (Walker, 
1888—6, 187). 

Raichur. — Basaltic diorite from a large dyke at Gutt Biohai. 
(15° 59' : 77° 22') has been used in the construction of the railway 
bridge over the Tangabhadra R. at Kasapub (Foote, 596 — 12, 259). 
The rook is extremely hard and tough, and is jointed in such a 
manner that blocks of a convenient size for building may be extracted. 

A beautiful variety of rather fine grained, pale grey granitoid 
gneiss occurs in a low hill at Gobijr (16° 19' : 77° 13'). Several 
unfinished Jain temples in the neighbourhood are built of it, and 
show no trace of weathering. Red porphyritic granitoid gneiss 
occurs at Jaldrug (16° 15' : 76° 29') on the Kistna R. ; and a red 
and green syenitic variety at Gajrndragaeh (GTJDJTJNTxmGURH, 15° 
44' : 76° 2'). An exceedingly handsome red syenitic rock, capable 
of a high polish, forms the high hill W. of Mostjlakal (16° 23': 
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77° 4'), and could be quarried in large masses, the jointing being 
favourable (Poote, 696 — 12, 256). 

Sandstones in the Kaladgi series have been largely quarried at 
Hanamsagar (15° 52' : 76° 6'), and are fine enough to be used for 
elaborate carvings and mouldings (Foote, 596 — 12, 260). 

KASHMIR, 

The amygdaloid basalts of the Takht-i-Suleiman and other hills 
in the neighbourhood of Srinagae (34° 5' ; 74° 54') furnish an 
abundant supply of hard and durable building stone. 

Cunningham (399 — 5 , 230) says that the fossiliferous limestones 
of the Kashmir valley are capable of a high pohsh, and would yield 
a handsome marble. These limestones range in age from lower 
Carboniferous to Trias, and are widely distributed among the hills 
lying between Srinagar and the Lidar valley (Middlemiss, 1219—28, 
217). 

MADRAS. 

The crystalline rocks which are almost everywhere to be found 
throughout southern India, including cbarnockitcs, granitoid gneisses, 
granite, and marble, afifoid a great variety of excellent building 
stones, a circumstance of which .the ancient temple and palace 
builders fully availed themselves, as numerous fine examples of 
their art still hear witness. The characters and general distrihution 
of the charnockitcs, a series of hypersthene-hearing rooks of Arch®an 
age, have been specially desorihed by Holland (869 — 31) ; while a 
general account of the varieties of granite found in the Presidency 
has been compiled by Newbold (1294—27). 

The peculiar method adopted by the natives of southern India 
for quarrying the granitoid rocks, in which advantage is taken of 
the exfoliation caused by expansion of the rock when heated, has 
been described by Benza (110 — 2 , 9), Newbold (1294 — 27 ), Campbell 
(a72_l0, 171), Blanfoid (147—8, 202), and Wartb (1892—22). 
Small fires are lighted on the' exposed surface of the rock in a line 
parallel to the free edge of the outcrop, and are gradually moved 
forward and elongated as the rock is split by the expansion of the 
outer layers, the progress of the fissure being detected by the change 
in the sound given out by the rock when tapped with a hammer. 
In this manner sheets of stone measuring in some cases as much as 
2,000 sq. ft. in area, and not more than 6 ins. in thickness, can he 
detached. These are afterwards broken up by means of wedges 
into blocks of the size required. 

The native method of polishing the stone has been described by 
Kennedy (978, 1—3). 
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liaterite is found in most parts of the Presidency, and is com- 
monly used in building. Babington in 1819 (55, 330) described the 
method of quarrying the rock, and a peculiarly shaped axe employed 
for trinmniug the stone into shape. A general account of the occur- 
rence and use of laterite has also been given by Cole (336 — i),, 
Clark (321—1), Newbold (1294—38, 227), and Blanford (147—8,. 
150). 

A full description of the specimens of marble exhibited in the' 
Cen'tral Museum, Madras, \rith notes on the localities in ■which they 
are found, was compiled by Dr. Balfour in 1854 (69 — i). 

Arcot (N.). — The rocks of the gneissic series offer an inexhaus- 
tible supply of building stone, much of it of great beauty and value. 
Quartzites may be obtained from the Cuddapah series, but are too- 
hard and expensive in working to be used except for rough masonry ; 
while the sandstones of the Rajmahal beds are not hard enough,, 
except in a very few cases, to be of much value (Foote, 596 — 20;. 
207). 

Arcot (S.).— Leschenault de la Tour (1062 — 1, 333) notes the- 
occurrence of a jade-like rock, suitable for ornamental purposes, 
about 2J miles to the W. of Txrnavaloto (TimryANAUALXJB, 11°' 
61' 30" : 79° 25' 30"). The stone is very hard and compact, of an- 
apple green colour, and takes a very high polish. 

The sandstones of the Cuddalore group are quarried to a small- 
extent at ■Velxjk (11° 48': 79° 22') and at Velltjmpalaiyam, on the 
Gadiiam R. (Blanford, 147 — 8, 205). The stone is compact,, 
moderately fine in grain, and easily quarried. It appears to be- 
well adapted for building. 

Bellary. — An account of the building and ornamental stones: • 
found in the district has been given by Foote (596 — 39, 199-205). 
An appendix (p. 213) also contains a complete list of quarries and 
localities where granite of good quality can be raised. The following 
localities and varieties of stone are especially mentioned : — 

Dammur (15° 18' : 76° 59'). Granite of a rich deep red colour, of 
medium to rather coarse grain ; a superb decorative stone if well- 
polished. 

Toranagal hill (i5° 12': 76° 44') "iDark blackish 

Kueikuppa hill (Korebkoompa, 15° 13' : 76° 43') jT grey porphyry, 
with bright flesh-coloured crystals of felspar of large size. 

Kapgal hill (15° 12' ; 77° 2' 30"). Grey granite. 

Huelihal (14° 43' : 76° 37'). Dyke porphyry. A blackish green 
rock with rich green crystals of felspar. The dyke is over two- 
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miles long, and of considerable width. Similar prophyrj occnrs 
at KALLAKxmTi (14° 47' : 77° 9'). 

Timappagaeh (Timangaeh, 16° 8' : '76° 37') in the Sandur hills. 
Eiband jasper varying in colour from bright scarlet to dehcate 
pinkish white or deep red and purple, highly suitable for inlaid 
work. Similar roOks also occur at Ubbalagandi (15° 3' : 76° 43'), 
and on the path leading up to the Donimali plateau from Ettina- 
HALU (Yetttjnhally, 16° 8' : 76° 40' 30"). 


Nemkal (15° 1' : 77° O') ■) 
Metra (16° 19' ; 76° 41')/' 


Green quartzite. 

Niigunda hill (14° 44': 75° 58') 


) Potstone. This has 

Anger (14° 57' 30" : 76° 49') L been used in the 

Habappanahalli (14° 47' 30" : 76° 2' 30") j construction of 
several temples in the neighbourhood of the quarries. 

Huvina Hadagalli (16° 1' : 75° 59' 30")") Grey or white crystal- 
Tallur (15° 10' : 76° 40' 30") / line limestone. Occurs 

in the Dharwar series, but only in small quantity. 


Chingleput. — The following localities whore building stone is quai'- 
ried are mentioned by Eoote (596 — 8, 131): — 

Palaveram (12° 58' : 80 13') Ilorubleiulic gneiss. The 

CuBDAPARY Choultry (12° 66': 80° 11') / rock is also quarried for 

PUTTANDALUM (12° 58' : 80° 9') r the mftiufacture of arti- 

. Wallajabad (12° 47' : 79° 53') J cles of domestic use, 

such as curry stones and rollers, mortars, etc. 

Nundivbram (12° 50' 30" : 80° 8') 'i Granitoid gneiss. A very 

Seven Pagodas (12° 37' : 80° 16') [■ handsome and durable, 

Tirukarikunum (12° 36' 30": 80° 7')) pale yellowish or pinkish 

white stone. 

Laterite occurs at a large number of localities, and is much used 
for building. 

Sandstones are procurable from the Eajmahal beds near Conjeve- 
EAM (12° 50' : 79° 46'), Sirgulpilli(?), and Sattavedu (13° 26' : 80® 
1'). The stone is compact, easily dressed, and moderately durable. 

Coimbatore. — Several writers (Blanford, 147 — 2 ; — 3, 246 ; Nichol- 
son, 1302, 22 ; Griesbach, 708—28, 152) have called attention to 
the existence, near Madekarai (10° 54' : 77° O'), 7 miles S. of 
Coimbatore, of a band of crystalline limestone which would form 
a valuable marble, but has hitherto been little used. The rock is of a 
greyish white or flesh-pink colour. The length of the outcrop is 
about 7 miles, and the width varies from 100 yards to a quarter of 
a mile. 
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Cuddapah. — The principal building material of the district is 
derived feom the Nerji limestone formation, which covers a wide 
area. The stone is very compact, sub-crystalline, and extremely 
fine grained, with a wide range of colours, from bluish grey to black. 
Some varieties are capable of a high polish. The stone has been 
quarried on a large scale at Neeji (14° 39' : 78° 35'), and some 
of it has been used in building the Madras University (King, 987 — 7 , 
70, 281 ; Gribble, 707—1, 27). 

Thin slates are obtainable from some of the beds of the Cuddapah 
series (King, 987 — 7 , 283). 

Godavari. — Stratified sandstones forming low hills at Paddagueam 
(Peddapueam, 17° 5' : 82° 12') have been quarried to a considerable 
extent (Benza, 110 — 4, 54). 

Guntur. — ^Handsome varieties of granitoid gneiss might be quarried 
in the Kondavidu hills (16° 16' : 80° 20'), but little use is made 
of them, except for rough work (Poote, 596-— 17, 106). 

The limestones of the Kumool formation found on the banks of 
the Kistna ' R. between Waeapilli and Amaravati (16° 35': 80° 
25') are largely used for building (Voysey, 1853 — 6, 402). Some of 
these limestones take a high polish, and would make handsome 
marbles (King, 987—7, 282). 

Considerable quantities of sandstone have been quarried at 
Tangellamudi (16° 17' : 80° 39'), Chebeolu (16° 11' 30" : 80° ’35'), 
and Pavultje (15° 51' : 80° 14'), for canal works. The stone obtained 
at the two first named localities is of rich red and purple colours 
(Foote, 596-17, 107). 

Kistna;— A considerable variety of excellent marbles is to be 
obtained from the ■ Cuddapah and Kurnool formations occurring in 
the district (Mackenzie, 1130, 243). 

Sandstones of good quality occur at the following localities, 
according to King (987 — 18, 252): — 

Peddavbgi (16° 48' : 81° 10'). Compact even grained stone of 
a brilliant red colour. Hardens considerably on exposure. 

Tcndkalpudi (16° 54' : 81° 14'). Buff coloured granular fels- 
pathic stone of perfect durability. Similar stone is found at Jan- 
AMPET (16° 46' 30" : 81° 7'). 

Kurnool. — The Nerji -limestones, found throughout the Khundair 
valley, are much used for building (Gopalakristnamah Chetty, 675, 
98). 


50 . 



BUILDnrO MATERIALS. 


Serpentinous limestones of pale green and yellowish colours, 
occasionally darker green with convoluted laminae, occur near Kub- 
NOOL (15° 50' : 78° 6') and at Eadbabad, 3| miles to the S. E. 
These would give a finely clouded marble (King, 987 — 7, 166). 

* Madura. — The following building stones are mentioned by Foote. 
(598-24, 98-103) 

Tibtjpabai-kundbam (9° 53' : 78° 8') A very handsome reddish 

Ambalathandi (9° 55' : 78° 6') / granitoid gneiss, with pink 

and grey bandings. Is susceptible of, being carved with great delicacjjr, 

.^trpuKOTAi (9° 31' : 78° 9'). Eich red granitoid gneiss. Masses 
of 18 to 20 ft. in length have been quarried. When polished, the 
stone resembles the finest Peterhead granite. 

MxTNUBtnpUB (9° 35' : 78° 12'). A similar rock, but of a duller 
red colour. 

Shayalapatti (9° 36' : 78° 10' 30"). Massive purplish grey 
granitoid gneiss, a very handsome rock. 

Tibushulai (9° 32' : 78° 16') Banded gneiss. A handsome rock 
of high quality. 

Kotaipaeai (9° 29' : 78° 4'). Black hornblendie gneiss, suitable 
for carved work. 

PtJLiAEPATTi_ (10° 7' : 78° 44'). Banded gneiss, procurable in 
very large blocks. 

KAlligudi (9° 41' : 78° 2'). Pale pinkish or greyish white 
granitoid gneiss, with bands of pink garnets. 

Tieumal (9° 43' ; 78° 7'). Pine marbie of various colours may 
be procmed but has not been made use of. 

SiVAGANGA (9° 51' : 78° 33'). Hard sandstone, probably of 
€uddalore age ; it is quarried to some extent. 

Malabar. — Laterite is commonly used for building. Only the best 
varieties are capable of supporting a severe crushing strain (Lake, 
1025—1, 236). 

In 1845 Cullen reported (397 — 5) the discovery of a deposit of 
limestone in excavations on the breakwater at Cochin (9° 58' : 
76° 18'). The stone is said to have furnished an excellent hydraulic 

lime. 

Nellore. — Very little use is made, except as rough building stone, 
of the granitoid gneiss that might be obtained at many places in 
the district. A pinkish grey variety is quarried to some extent at 
Kuchupudi kill (15° 28' : 79° 44'), and tised for making cart wheels 
(Foote, 596—17, 105). 
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Nilgiri. — Slabs of gneiss of any size lequired for building may be 
obtained in many places from exfoliating masses of this rock (Blan- 
ford, 147—3, 244). 

Pndukotai. — Very handsome granitoid gneiss is quarried at Tib- 
KOUtTM (10° 23' 30" : 78° 62'), close to Pudukotai, and at KunIm- 
ULLA (10° 35' 30" : 78° 52'), 14 miles to the north. Similar stone' 
could be procured from Viballimalai (10° 36' : 78° 36') if required. 
A less handsome, but useful variety, is quarried at Tbimiem (10° 
16' : 78° 49'). 

’ Compact, richly ferruginous latcrite conglomerate is largely used 
for rough building purposes. The most reliable and homogeneous 
varieties are obtained in the Shenkaeai (10° 16' : 78° 53') and 
Shahkotai (10° 6' : 78° 56') tracts, where blocks measuring 8 X 
l|xl ft. are raised (Foote, 596 — 18 , 157 ; — 24, 99). 

Ramnad. — Fine crystalline limestones of various colours occur at 
Pantalagudi (9° 24' : 78° 9'), but no use appears t& have been 
made of them, except as rough stone. 

The great temple at Bameswaram is built of calcareous sandstone,, 
which forms a fringe along the south coast of the district. At 
Vammukkam (9° 10' : 78° 42') a coarse gritty variety of the rock 
has been quarried on an extensive scale (Foote, 596 — 24, 101). 

Salem. — Le Fanu (1048, Vol. I, 102) notes the existence of a 
bed of crystalline limestone, admirably fitted for building purposes, 
at Shattambub, 7 miles N. W. of Namakal (11° 13' : 78° 13' 30"), 
The outcrop extends for at least 2 miles to the E. of the village. 
A smaller outcrop of similar rock occurs at Mahanpoliiam, E. of 
Sjinkaeidrug (11° 28' : 77° 56'). 

Tinneveliy. — ^Pale coloured highly siliceous gneiss is quarried at 
Waddukabai (9° 18' : 77° 59'). 

Fine crystalline limestones of various colours occur at Shen- 
KOTAi (9° 17' : 78° 9'), but hitherto no use has been made of 
them, except for rough purposes. 

The gritty calcareous sandstones of sub-recent origin which 
occur in the neighbourhood of the coast have been quarried at 
Vedanattam (8° 58' : 78° 12'), and used for building at Tuticorin. 
Similar beds occurring at Panampabai (8° 28' : 78° O'), Kudung- 
KUiAM (8° 11' 30" : 77° 45'), and Thissianvxllai (Teggayanvebla, 
8° 20' : 77° 55') also yield fine building stone, which has been 
used in the construction of ancient temples at Tiruohendur, and of 
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modern clmrches at Megnanapuram, Mudalur, and Iddayangndi 
(Foote, 596 — 24, 101). 

Travancore. — The supply of building stone of excellent quality 
is practically unlimited, but little use appears to have been made 
of it, except* for the construction of fortifications. 

Some of the hard sandstones from the Warkalli beds have been 
used to a limited extent for building (Foote, 696 — 25, 35). 

Triehinopoly. — Basalt is largely used for building purposes in the 
valley of the Vellae E., which forms the northern boundary of the 
district (Muzzy, 1278, 91). 

Blanford (147 — 8, 202) has given a description of the native 
method of quarrying gneiss and of the tools employed, also of the 
method of burning lime (p. 207), for which hanhar and shells alone 
are used. 

A band of calcareous grit occurring at the base of the Utatur 
group, and forming a ridge between the villages of Vayalapaddi 
(11° 20' 30" : 79° 11') and Varakpadi (11° 10' : 78° 58') is quarried 
to a considerable extent. The stone is compact, but does not bear 
exposure to the weather (Blanford, 147—8, 205). 

King (987 — l) has described a band of crystalline limestone 
occurring at Naivaili (10° 58' : 78° 36' 30"). The band is from 
6 to 7 ft. thick and has been traced for more than 2 miles. The 
colour of the stone is grey, white or pink. A ‘ similar band occui s 
at Mutum, 4 miles to the north. In both cases the rock is well 
adapted for building purposes. 

Vizagapatam. — Eed and white dolomitic limestone, occurring near 
Kondajori (18° 57': 82° 19') in the Jeypore Zamindari, would 
make a very pretty ornamental stone when pohshed. 

Potstonc is quarried to a small extent for building and other 
purposes near Ontagaon (18° 52' : 82° 35') to the W. of Jeypore 
(Walker, 1872-2, 175), 

MYSORE. 

Kankar is widely * distributed throughout the State, and is ex-* 
tensively used for the manufacture of lime, some six or seven 
thousand tons being transported annually by rail for this purpose 
(Primrose, 1431—8, 227). A statement of the number of Mins and 
output of lime in the Chitaldroog and Shimoga districts is quoted 
by Sambasiva Iyer (1648—7, 249). 

Sankey (1655—2) gives the results of analyses of samples of 
limestone from various localities in Mysore, and Nicholson (1301 3) 
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has described the results of experiments in the manufacture of 
cements, carried out at Bangalore. 

Cbitaldroog. — A pink variety of granite found in the Chitaldroog 
Taluk is used for building (Sambasiva Iyer, 1548 — 6, 116). 

Wetherell (1915 — 9 , 34 ) states that a vast amount of dark grey 
crystalline limestone occurs to the E. of Javangondanhalli (13° 
50' ;«76° 49'). 

Eissile slaty schists are largely used for building in the Chital- 
droog Taluk (Sambasiva Iyer, 1548 — 6, 116). A chloritic variety 
, of schist is q^uarried at Jugalur (14° 31' 30" : 76° 24'), and is 
used for- flooring. Slabs of any size required may be obtained 
(Sampat Iyengar, 1549 — i, 92). 

Hassan. — Foote in 1900 (596 — 45 ) called special attention to the 
existence of green (fuchsite) quartzites, highly suitable for ornamental 
work, in the neighbourhood of Belvadi (13° 17' : 76° 3'). A later 
account by Sambasiva Iyer (1548 — 11, 35) gives further particulars 
of the distribution of these quartzites. They are said to be exposed 
also near Shtdagbre (13° 19' : 76° 2'), in the Kadui district, a 
short distance to the N; W. of Belvadi. 

Mysore. — Balaji Eao (68 — 6, 153) notes the occurrence of two 
bands of grey crystalline limestone close to the site of the Cauvery 
dam. The quantity available appears to be large. 

The existence of a dyke of reddish brown felspathic porphyry on 
KaeigattA hill (12° 25' 30" : 76° 46'), near Sermgapatam, was 
noted in 1888 by Foote (596 — 34 , 56), who says that it would yield 
an inexhaustible supply of superb decorative stone. He afterwards 
compiled a list of similar dykes occurring in the Seringapatam and 
adjoining Taluks (596 — 46 ). These dykes have since been examined 
in detail by Sampat Iyengar (1549 — 2), who gives a complete list 
showing their distribution and dimensions in an appendix to his 
report (pp. 54-60),' and by Balaji Eao (68 — 4 ). Dykes measuring 
from 2 to 4 miles in length occur at Tadgavadi (12° 26' 30" : 
76° 53'), SiDLiNGAPUR (12° 22': 76° 42'), Narankerb (12° 27': 
76° 66'), and Turgangr (12° 23': 76° 57' 30"). The width in 
some cases is said to be more than 10 yards. 

Tumkur. — A dyke of amphibolite, occurring to the E. of 
Kadbhalli (? 13° 7' : 76° 52' 30"), has been quarried and used 
extensively in the building of the palace at Mysore. Other expo- 
sures of a similar rock were found among the hills N. E. of 
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Chennarayapatna (12® 54' : 76® 27') in the Hassan district (Sampat 
Iyengar, 1549 — 3, 42). ‘ 

Massive limestone occurs half a mile to the S. W. of Voblapur 
(13® 26' : 77® 13'). The outcrop is of small extent, but it furnishes 
a fine quality of lime (Primrose, 1431 — 8, 227). 

Massive dark grey limestone similar to that found near Javan- 
gondanhalh in the Chitaldroog district is also exposed, according to 
Wetheirell ( 1915 — 9 , 34), to the S. E. of Nerlaoudi)! (13® 44' : 
76® 48'). 

NORTH-WEST FRONTIER PROVINCE. 

Hazara. — The following building materials are mentioned by 
Middlemiss (1219 — 17, 286) : — 

The gneissose . granite largely developed in the northern and 
western portions of the district splits readily into slabs, but is used 
only locally for building. 

Triassic limestone is quarried near Abbotabad (34° 9 ' : 73 ® 16') 
and Hassan Abdul (33° 60': 72° 45'), and furnishes a good 
durable stone, but somewhat sombre in colour. 

Limestone suitable for the making of lime is widely distributed, 
especially in the Slate and Nummulitic zones. 

The harder courses among the Murree sandstones, found in the 
southern parts of the district, furnish an easily worked and fairly 
durable material. 

Some of the finely foliated schists are used for roofing purposes. 
Slabs of large size can be obtained, but are from | to 1 inch in 
thickness. 

Waagen and Wynne (1860, 334) suggest that the Attock slates 
might afford valuable roofing material. 

Koliat. — The nummulitic limestones would supply a considerable 
variety of building material of excellent quality ; as well as the 

harder bands of slightly calcareous sandstone occurring in the 

lower Tertiary group. Flagstones could probably be obtained from 
among the more thinly stratified layers (Wynne, 1976 — 1C, 294). 

PUNJAB. 

Ourgaon. — In 1867 Campbell (270) drew attention to the exis- 
tence of slates of good quality in the neighbourhood of Rewari 
( 28® 12' : 76® 41'), especially at the base of the Kholi hills, 3 miles 
W. of the town. These slates are now being quarried by the 

Kangra Valley Slate Co. The average annual output for the five 

years 1909 to 1913 was 2,465 tons. 
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-Banded and concietionary nummulitio lime- 


Jhelum ') 

(Salt Range)/;" 

istone, found on the Salt Range plateau . above the head of the 
•Saedi glen (32° 41 : 72° 47') have been quarried for ornamental 
purposes (Wynne, 1975 — is, 299). Both flesh-coloured and black 
marbles might be obtained from the carboniferous limestones, 
blocks of which are procurable in any size required, and take a high 
polish (Fleming, 591—6, 264). Yaeoha (Wueoha, 32° 25' : 72° 2') 
and the Naesinq Wahan near Katha (32° 31' : 72° 29') are 
mentioned as convenient sites for quarries. 

A band of pisolitic ironstone, occurring at the base of the nummuU- 
tic series, has also been quarried for ornamental purposes (Wynne, 
1976—18, 299). 

The Purple sandstones at the base of the Cambrian group have 
been largely used as building stone (Wynne, 1975 — is, 298) ; but 
Fleming in 1853 pointed out (591 — 6, 255) the superior quality of 
the overlying magnesian sandstone for this purpose. This stone is 
now being quarried on an extensive scale at Jxttana (32° 43' : 73° 
13') and other places in the neighbourhood for the Jhelum CanEl 
Works. 

Calcareous tufa, occurring in many parts of the Salt Range, has 
been used in preference to all other materials by the ancient temple 
builders. Though light and porous, it appears to have withstood the 
action of the weather very well (Wynne, 1975 — is, 298). 


Kangrk. — The existence of slates of good quality along the 
southern flanks of the Dhauladhar range, between Kangra and 
ChEmba, appears to have been first noticed by Cuimingham (399 — 
6, 229), who mentions that many of the hill villages and towns 
are roofed with them. Medlioott (1197 — 6, 176) describes these 
slates as consisting of a purely siliceous rook, extremely fissile, and 
easily dressed. Large quantities are now being raised annually 
by the Kangra Valley Slate Co. at Kanhiaea (32° 12' : 76° 24'), 
near Dharmsala, and at other places by the Bhargava Slate Co. 
For the five years 1909 to 1913 the average annual output was 
5,156 tons. 

Patiala. — Bose (173 — 2i, 59) has given an account of the building 
materials available in the Narnaul division of the State : — 

Black limestone, well suited for the manufacture of lime is found 
at UirANi Bathanta (27° 59' : 76‘’ 10'), 4 miles S. E. of Narnaul, 
and at Baliari (27° 61' : 76° 12' 30"). 

Black and white marbles are worked at the Mandi and Datla 
HILLS (28° 3' : 76° 8'), near Narnaul, and a band of white marble, 
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.200 ft. thick, is quarried at Bihabiptjb (27° 55' : 76° 8'). Similar 
marble occurs at Dhonkoea (27° 51' : 76° 6'), but has only been 
worked to a small extent. Black or black and white banded marbles 
.also occur at Makandapttb (27° 69' : 76° 8') ; Jalanwau near 
IsLAMPUE (27° 56' : 76° 6'), where they have been rather extensively 
worked ; and at Gobla, on the southern edge of the district. 

Schistose quartzites have been extensively quarried in the hills 
W. of Bbgopub (27° 56' 30" : 76° 7'). The rook is micaceous and 
.-splits easily along the planes of lamination. 

Quartzitic sandstones are worked at Baliaita and Bajawas 
(28° 18': 76° 7'), and between Mandlana (28° 6': 76° 9') and 
Khasptte (28° 7' : 76° 12'). 

Simla. — Limestone is quarried at Peospbot hill, near Simla, 
•and has been used in building the Simla town hall; but specimens 
.submitted to the Geological Survey for examination were found to 
be very friable and impure. The Sanjauli quartzites form an* ex- 
cellent building stone (Hayden, 793 — 28, 16). 

Massive beds of sandstone suitable for building occur in abun- 
dance among the lower groups of the sub-Himalayan series. The 
Siwalik sandstones are usually too soft and friable for the purpose 
.(Medlicott, 1197-35, 175). 

Hutton (900 — 2, 909) notes the occurrence of slates of good quality 
at Shaemali, six days’ journey to the north of Simla. 

RAJPUTANA. 

Ajmer-Merwara. — Limestone ia quarried at Kheta Khbba, 6 
miles to the N. E. of Beawae (!S6° 6' : 74° 23'). 

The Alwar quartzites furnish an abundant supply of good building 
. stone. The best quarries are situated at Silloba (26° 32' : 74° 
54' 30") in the Eashangarh State, and at Seinagab (26° 26' : 74° 

■ 60'). Slabs measuring from 14 to 20 ft. in length may be obtained 
• (La Touche, 1033, 7). 

Alwar. — ^White marble of good quality occurs near Dhadakie (27° 
36' : 76° 37'), but lies at a considerable distance from the railway 
. (Hayden, 793—31, 16 ; B. 463). 

According to Haoket (730 — 9, 92; — t, 250), white marble also 
occurs at Jhbei (27° 14': 76° 16'), and coloured marbles at Kho 
(27° 11': 76° 26') and Baldeogabh (27° 7' 30": 76° 26' 30"). 
Black marble can be procured from the Motidongei eidge, near 
Alwar, 

Quartzite of an excellent quality is largely quarried at Bbela 
h;( 27° 23' : 76° 50') and other places in the neighbourhood. It is 
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pearl grey in colour, very durable, and easily worked. Quarries 
might be opened in any part of the four ridges to the E. of Mala- 
KHERi (27° 23' : 76° 41' 30"). 

Schistose quartzites used for roofing flags, etc., are quarried 
near Rajgaeh (27° 14' : 76° 41') and Mandan (28° 6' 30" : 76° 26'). 

The Ajabgarh slates have been used for roofing the stations on 
the railway. A band of excellent slate is now being worked by the 
Kangra Valley ‘Slate Co. near Kund station on the Rewari-Phulera 
railway (Hayden, 793 — 26, 86). 

Bharatpur. — The celebrated sandstone quarries situated between 
Bharatpur (27° 13': 77° 33') and Eupbas (27° O': 77° 39') have 
been fully described by Hardie (764 — 6, 329), Eobinson ( 1500 ), and 
Mallet (1159 — 3, 118). The beds worked are those of the upper 
Bhander group, the highest member of the Vindhyan series. 
According to Mallet, two marked varieties of stone are quarried ; 
one of dark red colour, speckled or streaked with yellowish white 
spots or blotches; the other yellowish white, and of a very fine 
and homogeneous texture. Of these, the red variety is of distinctly 
inferior quality, as compared with the white, but it sometimes 
possesses a perfectly parallel lamination, which enables it to be split 
into flags of various thicknesses, .extremely useful for roofs or 
flooring. 

Tests of the relative strength of the sandstones, carried out by 
Boileau (167), showed that while the white variety lost nearly half 
its strength when saturated with moisture, that of the red variety 
was only slightly affected ; and that the latter was therefore the 
more suitable for roofing purposes.' In a dry state, the strength 
of the white variety, as compared with that of the red, was in the 
proportion of 17 to 11 (B. 545), 

Bikaner. — ^Red sandstones of upper Vindhyan age have long 
been quarried on an extensive scale at Dulmera (28° 25' : 73° 43'), 
30 miles to the N. E. of Bikaner. The stone is a fine grained free- 
stone of first rate quality. Practically the .whole of the town of 
Bikaner is built of sandstone from this neighbourhood (Powlett, 
1423—1, 97). 

Jaipur. — ^White marble occurs in large quantities, but is rarely 
free from crystals of tremolite, which spoil its appearance (Hayden, 
793 — 31, 16). The best quality was found at Maundla (?). Hacket 
(780 — 2, 92) mentions quarries of white marble at Eaialo (27? 5' : 
76° 17'), Einely laminated argillaceous flags are procured at 
Salimpur (27° 6': 77° 2'). 
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Schistose quartzites^ used for roofing, etc., are quarried to the 
N. of Amber (26° 59' : 75° 66'). 

Sandstone is quarried at Raohititathgarh (27° 40' : 75° 24'). 
The rock is a white, fine grained freestone, and is obtained in large 
thick slabs, which are despatched often to great distances (Hayden, 
793-31, 17). 

Jaisalmer. — Th^ town of JAis.iLMEB is built of limestone of 
Jurassic age, which is quarried on an extensive scale in the neigh- 
bourhood (Blanford, 148 — so, 15). It is of uniform texture and 
very fine grain, is capable of being .finely carved, and resists the 
action of the weather well. Slabs of this material have been taken 
to distant places for temples, tombstones, etc. ; some of those in 
Sind having elaborate Arabic inscriptions cut upon them. 

L The village of Abur (27° 6' : 70° 37') is situated upon a band 
tof fossiliferous limestone of a dark red colour, in which the fossils 
have been converted into a yellow substance, forming a very handsome 
marble. It is known throughout northern India as “ Abut stone," 
and possesses a semi-sacred character, blocks of it being placed as 
thresholds in many of the temples (Oldham, 1324 — 18, 159). 

(Jodhpur) j celebrated quarries of white marble situated 

at Maebaita (27° 2' : 74° 47'), which are said to have furnished 
the stone for the building of the Taj Mahal at Agra, have been 
worked for ages, but have never been adequately described.' 
The marble forms a series of ridges barely elevated above -the 
surrounding sand hills, corresponding in direction with the strike 
of the rocks from N. N. E. to S. S. W., and extending for a consi- 
derable distance to the S. W. of the village. The quarries are deep 
trenches, in which the marble occurs in bands with a high easterly 
dip, some of which are upwards of 2 ft. in thickness (Hacket, 730— 
4, 250), separated by layers of raicaceorxs schist, and occasionally 
traversed by veins of coarse granite. Some of the bands are of a 
grey colour, but many are of the purest white. The quantity of 
the best marble still available is said to bo very large (Hayden, 
793 — 31 , 17). It is being employed in the building of the 'Victoria 
Memorial in Calcutta, but much of it is still worked up on the spot 
into those beautiful pierced screens which are so conspicuous a 
feature of the native architecture of northern India. 

A large mass of white marble occurs qt Sarangwa (25° 17' ; 
73° 34') in Godwar, and has been quarried to a considerable extent 
(La Touche, 1034 — 28 , 17). The rock is of a somewhat coarser 
texture than the Malirana marble, but of a pure white colour. 
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The hills in the neighbourhood of Jodhpur city are capped with 
alternating beds of fine and coarse grained sandstone, of upper 
Vindhyan age, from which inexhaustible supplies, of the most 
excellent building stone may be obtained. The finer beds afford 
material not only for the walls of the houses, but also for beams 
to support the ceihngs, as well as flags for roofing and flooring. 

The stone is of a soft reddish tint, is easily worked and 

thoroughly durable, and is susceptible of the most delicate carving. 
Splendid examples of its architectural capabilities, in conjunction 
with white marble, may be seen in the old palace and fort at 
Jodhpur (La Touche, 1084— -28, 28). 

— Hardie (764 — 7, 78; — 8, 62) mentions the 

existence of large quarries m white and grey crystalline dolomite 

at Kankroli (25° 3' 30" : 73° 57'). A quarry had also recently 

been opened in a band of fine white marble near the fort of Manda'l- 
GARH (25° 13' : 75° 10'). 


UNITED PROVINCES. 

Middleton (1221 — 2) remarks on the characters and durability of 
the building stone (Vindhyan sandstone), quarried in the districts 
of Agra, Allahabad, Banda, Bharatpur, and Mirzapur, and gives 
particulars of the absorbent power of the specimens. He also 
gives a description of the means employed by the quarrynien for 
transporting large blocks of stone (B. 544). 

Sills (1634) gives the results of crushing tests applied to speci- 
mens of sandstone from various quarries in the United Provinces. 

Agra.— The upper Vindhyan sandstones are quarried in many 
places in the district. Reid (1472) enumerates 69 quarries (including 
those situated in the adjoining State of Bharatpur in Rajputana), 
and gives particulars of the method of working them. The quarries 
at Patehpur Sikri (27° .5' : 77° 43') are said to have supplied the 
stone used for building in Agra (Voysey, 1853—4); but, according 
to Reid, the stone from this locality is of inferior quality. The 
best stone is produced in Pargana Sarhindi, where it is of a grey 
and red colour, and of a texture suitable for all kinds of architec- 
tural work. 

The arts of inlaying, screen piercing, and soapstone carving, 
practised at Agra, have been described by Keene (968). 

Allahabad. — Quarries in the upper Vindhyan sandstones at Par- 
tabpur (25° 17' : 81° 37') were opened by Government in 1863 
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(Owen, 1354). The stone worked is a fine grained homogeneous 
sandstone of a light reddish colour, occurring in beds 6 to 8 ft. 
thick. The stone is brought to Allahabad by water, and was 
used for building the railway bridge over the Jumna. A full 
description of the native quarries at this locality was given in 
1846 by Monckton (1239). Sandstone of a similar kind is also 
quarried at Seobajpuu (25° 12' : 81° 40'), on the East Indian 
railway (Mallet, 1159 — 3, 117). 


(]Kiinia<m)l^ — Oood building stone is to be obtained almost 

everywhere in the district (Lawder, 1040 — l, 89). Fine grained 
evenly bedded <[uart/iito.s are used for the purpose at Almora itself 
(29° 36' : 79° 43'), and a pale coloured gneiss at RANiKiiET (29° 
38' : 79° 29'). Herbert (827—6, 234) mentions the occurrence, 
dlose to Alinora, of a porphyritic grey granites which would be 
suitable for ornamental work. 

Liniestoiie is found in great abundance in the district, but lime 
is usually inamifactured from beds of calcareous tufa (Lawdor, 
1040-1, 89). 

A special report on the slates of Cjuteli (29° 49' : 79° 28' 30"), 
in connection with tlicir use for roofing purposes at Ranikhct, was 
drawn up by Hughes (888— r>) in 1870. They wore pronounced to 
be infej'ior to Welsh slates, being laminated (not cleaved), and more 
siliceous and .coarser in texture ; but slabs of less than J in. in thick- 
ness, and of sufficient si^se, could readily bo obtained from the lower 
bands exposed in the quarries. 

Herbert (827 — lO, cxvi) states that perfect roofing slates occur 
in abundance at Lohughat (29° 24': '80° 9'). 


Deiira Dun. — Blanc (145, 61) mentions tlie existence of slate 
((uarrics in Jaunsar, but docs not say where they are situated. 
The slates arc used for roofing houses in Tuany of the hill villages. 

.lahiiijii. — A peculiar use to which hanhar is put in this district 
has been described by Smith (1656 — i, 624). The ktnkar is found 
in the form of thin plates at tlio base of the high banks of older 
alluvium on the Junuia R. ticar the village of Kartm Kuan, opposite 
Buadaura (26° 23' 30" : 79° 34'), and in the bed of the river. Slabs 
measuring from 2 to 4 ft. in length by 1 to 2 ft. in breadth can he 
procured, and arc used to form the projecting eaves of roofs, and as 
dripstones over the windows at Kalpi and other towns and villages 
in the neighbourhood. The peculiar formation extends for about 
.hal; a mile along the river. 
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Mirzapur.— Mallet (1159—5, 19) has described a fine verde-- 

antique marble occurring near the mouth of the Biohi stream (24® 
8' : 83° a tributary of the Rer R. The rock is a white crystalline* 
dolomite, interbanded with rich green serpentine and layers of 

tremolitic hornblende. Slabs measuring from 3 to 6 feet across, 

transverse to the bedding and showing the alternation of limestone 
and serpentine, might be procured in any quantity. 

The Kaimuj sandstones, or lower group of the upper Vindhyan 
series, have been quarried on a very extensive scale at Mirzapur 
(25° 9' : 82° 37'), Chxtnar (26° 8' : -82° 57'), and intermediate points 
for many centuries, and the stone is well known for its excellent 
qiialities throughout the lower Ganges valley. The rock is fine 
grained and compact, of reddish yellow or greyish white colour, 
and is very durable. The beds often spread for long distances 

without joints or fissures, so that very large blocks can be obtained 
(Mallet, 1159—3, 116; B. 540, 544). 

Reports on -the working of the quarries were drawn up by an 
anonymous writer in 1841 (35 — 12), and by Money (1241) in 1846. 
At that time there were 283 quarries open, and 894 closed ; but few 
of them were worked to a depth of over 25 ft. 

The average annual production of stone at Chunar, during the 
five years 1909 to 1913, was 163,864 tons. 

Tchri-Oarhwal. — Excellent roofing slates are said to be found 
along the valley of the Aolar R. (30° 30' : 78° 6'), to the N. of 
Miissoorie (Herbert, 827 — lO, Ixxxix). 

CARNELIAN, 5ee GEM-STONES— AGATE. 

CELESTITE, see RARE MINERALS— STRONTIUM. 

CEMENT, see under BUILDING MATERIALS. 

CERIUM, see binder RARE MINERALS. 

CHROMITE. 

ANDAMAN ISLANDS. 

Mallet (1159 — 38 , 204 ; — 42 , 83) records the discovery of blocks 
of chromite at the village of Chakargaon (11° 39' : 92° 42'), near 
Port Blair. The mineral was not found in situ, but was supposed 
to have been associated with serpentine, which is known to occur 
in the neighbourhood. The quantity available is probably not large,, 
for the blocks appear to be confined to one spot. 
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BALUCHISTAN. 

<|uetta-Pisliin . aiid Zhob. — The discovery of chrome iron ore in 
Baluchistan dates from the year 1901, when Vredenburg reported 
its existence as veins and segregated masses in serpentines associated 
with igneous intrusions of upper Cretaceous age, distributed along 
the hills bordering the Zhob valley, and the upper part of that of the 
Pishin R. About 2 miles to the ^E. of Khanozai (30° 37' : 67° 20') 
>a mass consisting of abiost pure ore was found, measuring about 400 
it. in length by 5 ft. in breadth, and containing over 54 per cent. 
Cro O 3 (see Holland, 859 — 38, 9). 

Active exploitation of the mineral began in 1903, when 284 tons 
were raised and exported. Between that year and the end of 1913, 
no less than 115 mining leases were applied for and granted, 12 in 
the Quetta-Pishin district and 103 in Zhob, 72 of the latter being 
issued in one year, 1909. No adequate prospecting operations appear 
to have preceded the applications for most of these leases, for the 
output lias by no means kept pace with the multiplication of con- 
cessions. The maximum quantity produced was in 1907, 7,274 tons ; 
but since that year production has considerably fallen off. The 
average annual production, during the five years 1909 to 1913, 
was 3,633 tons. In 1914 the output amounted to 3,006 tons, and 
in 1915 to 2,161 tons. 

BIHAR AND ORISSA. 

Sinidibhuni. — In the year 1907 a deposit of chromite was dis- 
covered by Mr. R. Saubolle at the Sura pass (22° 33' : 85° 43'), on 
the road between Chaibasa and Sonua, Eengal-Nagpur Railway. 
It occurs in the form of hed-like veins up to 10 ins. in width in ser- 
pentine, and as disseminated grains in the same rock. In the 
course of prospecting operations about 400 tons of ore were extracted. 
Samples of the ore yielded 50*05 per cent. Cr^ 0.^ (see Holland, 869—71, 
34). 

Annual outputs of 848, 552, and 565 tons of ore from this neigh- 
bourhood have been reported during the three years 1913 to 1915. 

BURMA, 

Ulyitkyina. — Small crystals of chromite are disseminated through 
the serpentine of the Tawmaw jade tract (25° 42' : 96° 17'), but 
not in sufficient quantity to be of commercial value (Bleeck, 164 — 3, 
259). 

MADRAS. 

Salem. — The existence of chromite in association with the magne- 
site of the ' Chalk Hills ' near Salem appears to have been discovered 
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by Mr. Heath early in the last century. In 1832 Priiisep (1486 — 
11 , 254) gave a description of specimens of the mineral sent to him 
from the mines opened by the Porto Novo Iron Co. at Karuppur 
(11° 43' : 78° 9'), and says that works had been established in 
Salem for the preparation of bichromate of potash. Ten years 
later Newbold (1294 — 29 , 167) described the mode of occurrence of 
the ore, as seen in the shafts, whmh had been abandoned after the 
extraction of about 100 tons of ^romite. It was found, he says, 
in irregular veins, or forming detached nodular or angular masses 
imbedded in the magnesite. On analysis the ore was found to 
contain 49 per cent. Cr 2 O 3 . Later accounts by King and Foote 
(988, 315), Holland (859 — 5 , 143), and Middlemiss (1219 — 18, 34 ; 
-^ 20 ) agree substantially with that given by Newbold. According 
to Holland (859 — 30 , 133), the chromite is associated with intrusions 
of ultra-basic rocks (dunitos), and is considered to have been segre- 
gated into nodules and bands during the early stages of the consoli- 
dation of these rocks (B. 332). 

The irregular manner in which’ the chromite occurs in the ‘ Chalk 
Hills' area renders it impossible to form an estimate of the quantity 
available. 

Similar conditions were found by Holland to be present at the 
N. W. base of Kanoamalai hill ( 11 ° 37': 78° 7'), and a small 
outcrop of chromite, forming a vein 4 ins. thick in magnesite, was 
found at this locality by Middlemiss (1219 — 18, 37 ). 

MYSORE. 

A list of localities in which chromite has been found is given 
by Slater (1649—6, 25). 

Hassan.— Sampat Iyengar (1549 — 3 , 41) states that chromite 
is an important member of the Nuggihalli schist band, wliicli extends 
in a S. S. E. direction from Arsikere (13° 18' 30" : 76° 19'). It 
was found largely developed at several localities between that place 
and Nuggihalli (13° 1 ': 76° 32' 30"). It is associated with an 
ultra-basic rock, in which it occurs in lenticular masses. Tlio 
quantity available was roughly estimated at 30,000 tons. The 
quality of the ore varies considerably, the yield of chromic oxide* 
ranging on analysis between 30 and 50 per cent. (Venkataramaiya, 
1838—1). 

Mysore, — Clark (321 — 2 , 117) mentions a discovery by Captain 
Haldane of a good deal of chromate of iron in the Residency com- 
pound at Yelwal ( 12 ° 21 ': 76° 36'). 
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In 1905 Sambasiva Iyer (1548 — ll, 41) noted the occurrence of 
small masses of chromite imbedded in dunite near Shinduvalli 
(12° 12': 76° 42'). Subsequent prospecting work showed that the 
mineral extended over a wide area between Kadakola (12° 11': 
76° 43' 30"), a station on the Mysore railway, and MavinhalLi 
(12° 13': 76° 36'). From this tract about 10,000 tons of ore had been 
collected and exported up to the year 1912 (Venkataramaiya, 
1838—3, 165). 

Raghavendra Rao (1450, 142) has noted the occurrence of blocks 
of chromite at the edge of a belt of schists about half a mile W. of 
Krishnaeajpet (12° 40': 76° 33'), and near Kabbal (12° 60' 30": 76° 32'). 

The ^record of production of chromite in Mysore reflects the 
sporadic manner in which the mineral occurs. In 1907, the year 
after the first concession was t&ken up in the Kadakola area, it 
amounted to 11,000 tons, all of which must have been derived from 
shallow pits excavated in the mnnorons veins and lenticular masses 
which were then visible at the surface ; or have been collected in 
the form of loose weathered blocks from the beds of streams. As 
these sources of supply quickly became exhausted, the production fell 
to only 610 tons in 1908. A partial recovery took place in 1909, 
due probably to the exploitation under similar conditions of the 
superficial deposits in the NuggihalH area. 'Jlhe production for that 
year was 4,925 tons, but for the three following years the returns 
were blank. For the years 1913 to 1915 inclusive, outputs of 1,414,. 
2,330, and 1,041 tons have been recorded. 

PUNJAB. 

Kangra. — Mallet (1159 — l, 166) states that fragments of chron io 
iron ore are scattered in some abundance through the debris on the 
borders of the Hanlu Cuu (32° 47': 79° 4') in Spiti. They are 
probably derived from serpentinous rocks, which foiin nuKih of the 
hills on cither side of the rlv<?.r, especially on the west, but the ore 
was not observed in situ (B. 334). 

CLAY, see under BUILDING MATERIALS, FIBE-CLAy, and KAOLIN, 
COAL. 

The following reports and papers deal with the general distribution 
of coal in India : — 

1838-46. McClelland (1117 — 15; — lO; — 17; — 25; — 31). Reports 
of a committee for investigating the coal and mineral resources of 
India. 
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1846-47. Ansted (36 — l ; — 2 ). Coal districts of India. 

1863. Oldham (1826 — 33). Gives details of the working of each 
colliery, and statistics of output for the years 1868-60. 

1863. McClelland (1117 — 36). The coal fields of India. 

1868. Oldham (1326 — 48). The coal resources and production 
of India. Contains a table of analyses of 74 samples of coal, and 
statistics of output for Bengal. 

1869. Oldham (1326 — 62 ). Statistics of output of each colliery 
for the years 1867-68. 

1873. Hughes (888—11). Estimates the total area of the Indian 
coal fields at 35,000 square miles. 

1873. Blanford (148 — 42, 388). General remarks on the dis- 


tribution of coal. 

1877. Hughes (888 — 21 ). Gives particulars of the cost of boring 
for coal in India, and describes the methods employed. 

1879-81. Ball (71—39; — 44 , 58; — 46, 59-120). General accounts 
of the mode of occurrence and distribution of coal. 

*1898. Dunstan (514 — 1 ). A brief account of the distribution of 
the coal fields, with tables ’ of analyses. 

1900. Mahon (1153 — 3). On the coking quality of Indian coals. 

1902. Dunstan (514—4). The coal resources of India and their 
development. Contains tables of analyses, and statistics of output 
for the years 1895 to 1900. 

1910. Pickering (1402 — 3). The coal deposits of India. 

1911. deLaunay (459 — 2 , 311). 

1911. Schreiber (1585) j General accounts of tl.e 

Gondawana coal fields, chiefly compiled from the publications of the 
Geological Survey of India. 

1913. Ball and Simpson (72). A revision, entirely re-written, of 
the chapter on coal (Chap. II) in Part III of the Manual, Geology 
of India. 


1913. Ashton (45). A history of the development of the Indian 
coal fields. 


Tables of analyses of Indian coals are also given in the followijig 
papers : — 

1831. Prinsep (1436—8, 280). 

1838. Prinsep (1436 — 30 ). 

1852. Piddington (1405—49)'. 

1868. Danvers (417 — l). Remarks on the quality of Indian 
coal, with special regard to its employment on railways and steamers. 
1895. Abel (4—1). 

1906. Dunstan (514 — 14 ). 


66 



COAL. 


1910. Hughes (885 — 3 ). Gives determinations of the calorific 
value of a number of samples of Indian coal. 

2V.jB. — E eferences to Ball and Simpson’s Memoir on the coal fields of 
India are denoted below by the letter S. 

AFGHANISTAN. 

Ak Eobat (34° 55'; 67° 42'). Thin anthracitic seams, pro- 
bably of Carboniferous age, are mentioned by Griesbach (708 — 13 » 
241). These have since been examined by Hayden (798 — 22, 68), 
and shown to be graphitic schists of no value as fuel (S. 12). 

Chahil valley (35° 38': 67° 37') and Shisha Alano (35° 42': 
67? 26'). Numerous seams of coal occur, several of them over 6 
ft. in thickness. Details of the sections exposed at these localities 
.are given by Griesbach (708 — 13 , 243, 246), who estimated the 
quantity available from the best seam, 6 ft. thick, over an area of 
9 sq. miles in the neighbourhood of Shisha Alang, at 50 million tons 
(S. 12). 

ANDAMAN ISLANDS, see under LIGNITE. 

ASSAM. 

Henderson ( 811 ) gives particulars of the discoveries of coal 
made in Assam up to the year 1838. A general account of the 
distribution of the Assam coal fields was compiled in the same year 
by McClelland (1117—12). 

Beneath the fringe of Siwalik sandstones which occurs along the 
base of the Himalaya on the northern side of the Assam valley, a 
band of coal-bearing Gondwana rocks has been met with wherever 
the outer hills have been penetrated. In each case the coal is 
intensely crushed and friable, and its value as fuel is negligible. 
The band is ‘ known to occur at the following localities : — 

Abor Hills. — Sinro stream (27° 8': 95° 15'). Lenticular patches 
of coal up to 4 or 5 ft. in thickness (Brown, 211 — 5, 239, 252), 

Aka Hills.— Borholi E. (27° 10.': 92° 45'). Thin seams and 
lenticular patches of coal. The thickest seam measures J8 ins. 
(La Touche, 1034 — 6, 122). 

Haphla Hills.— Dikrang E. (27° 13': 93° 45'). A seam of coaly 
shale 5 to 6 ft. thick (Godwin- Austen, 669 — 10, 37). 
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The productive coal fields of Assam occur in rocks of Cretaccoxis 
or Tertiary age : — 

€laro Hills. — D aranggiri (25° 27': 90° 46'). First described by 
Medlicott (1197 — 33). Productive area about 20 sq. miles. Average 
thickness of workable seam 5 ft. 6 ins. Estimated total quantity 
of coal available, 76 million tons, most of which lies above the main 
drainage level. The field is situated in the centre of the hills, and 
is somewhat difficult of access (La Touche, 1034 — i). Average 
analysis (2 samples): — C=49*8 : VoL=36*3 : Water=8‘8 * Ash=r>*l per 
cent. (S. 24). 

Harigaon (25° 34': 90° 8'). Bedford (96 — 2) records the e.xist- 
ence of coal seams, 2 to 3 ft. in thickness, at Balkctra and Muxam- 
PARA, but Medlicott (1197 — 12, 14) has shown that tlio so-called coal 
is merely a resinous shale, of no value as fuel (S. 23). 

PuNOENGRU (25° 17': 90° 59'). Godwin-Austen (669—17, -13/) 

notes the occurrence of four seams of coal, from 3 to 8 ft. thi<*k, 
below the scarp at the crest of the hill. The total thickness of coal 
exposed is about 20 ft. 

Eongrenggiri (25° 33': 90° 37'). Coal measure rocks, pro- 
bably once continuous with those of the Daranggiri field, extend 
for about 7 miles along the valley of the Someshwari R., but !io 
coal* of practical value has yet been found among them (Medlicott, 
1197 — 33, 60 ; La Touche, 1034 — 1, 175). A few outcrops were, 
discovered by Datta (sec King, 987 — 48, 5) in 1891, but the best of 
them indicated a seam of only 15 ins. in thickness (S. 21). 

SiJTJ (25° 21': 90° 45'). A seam of highly resinous (‘oal, 3 ft. 
thick, is exposed at the base of the hills immediately nf)rth of tln^ 
village, and is brought up by a roll in the strata on the banks of the 
Someshwari R. to the south. The coal is nuicli crushed, atid too 
friable to bear transport to a distance (Medlicott, 1197 — 12, 13; 
S. 24). 

KUasi and Jaintia Hills. — C herra Pun.ti (25° 17': 91° 47'). ( oal 
appears to have been discovered in this area by Mr. J. Btark in 
(1689). It occurs in a single seam not exceeding 9 ft. in thickn(‘.ss, 
lying from 10 to 15 ft. above a strong band of nummiilitic limestou«‘ 
(McClelland, 1117—9, 69 ; Oldham, 1326 — 8, 140, 185). Mining on 
a moderate scale was carried on for several years from 183-1, wIkmi 
W atson (1902—2) reported the despatch of §j3oiit a ton of the coal 
to Calcutta for trial. In 1842 the oii^t' was about 3,900 tons, 
and in 1844, 4,200 tons. 

A detailed examination of the field, carried out by La Touche 
ill 1889. (1034—12), showed that the thickness of the seam varies 
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from 3 to 9 ft. Tlie area of the field was found to be 136 acres, 
and the total quantity of coal available was estimated at 1,185,000 
tons. Analysis by Prinsep (1436 — 8, 283) : — C=62'0 : Vol.=37'l : Ash 
=0*9 per cent. (S. 26). 

Jarain (25° 19^ 30" : 92° 11' 30"). An outcrop near this place 
shows from 3 ft. to 3 ft. 6. ins. of coal, Ixit containing so large 
a proportion of pyrites that it is practically valueless (La Touche, 
1034 — 3 , 199). 

Lairangao (25° 20': 91° 48'). The occurrence of a seam of 
coal about 3 ft. thick near Surarim, at the northern edge of this 
field, was noticed by Gracroft (383 — 3, 252) in 1832., The field was 
surveyed by La Touche in 1890 (1034 — 15). The area was found 
to be 320 acres ; average thickness of seam, 3 ft. ; and total quantity 
of coal available about 1,500,000 tons. Analysis by Gracroft (383 
_ 3 , 250) 0=53 : Vol=45: Ash=3 per cent. (S. 27). 

Lakadong (25° 11': 92° 20'). A single seam of coal of variable 
thickness is exposed along the scarps bounding two small plateaus, above 
a band of numnuilitic limestone, as at (lierra Piinji (Oldham, 1326 — 3; 
— 8, 145). Taking 2 ft. as the average thickness of the seam, and 
the total area of the field as 360 aortas, La Touche (1034 — 13) esti- 
mated the total quantity of coal available at 1,164,000 tons (S. 30). 

Langrtn, see Umblay R. helow , 

Mao-be-larkar (25° 24': 91° 49'). small field, covering 11 
acres only, but of some importance, as it supplied the head-quarters 
station of Shillong for many years. The coal was shown to be of 
Cretaceous age by Medlicott (1197 — 17, 175). Average thickness 
of seam, 3 ft.; and total quantity of coal available in 1890, estimated 
at 52,000 tons (La Touche, 1034 — 15, 123 ; S. 26). 

Maophlang (25° 27': 91° 49'). Outcro])s of coal at Umsaomat 
and ’ Debum hill, to the S. W. of Maophlang, were described in 
1875 by Mallet (1159 — s). The scam at Umsaomat is only 1 ft. 
thick, shaly and worthless. At Dedim^^hill tli,o coal is of better 
quality, but contains SLO per cent, of ash. The seam is 3 ft. 
thick. No estimate of the quantity available is given (S. 26). 

Maosandram (25° 18': 91° 39'). The field occupies tlie summit 
of three small knolls, a mile and a lialf N. of the village. Total lirea 
about 22 acres. Seam variable in thickness. Taking 2 ft. as the 
average, the total quantity of coal available would be 03,000 tons 
(La Touche, 1034 — 15, 122). The coal is of poor quality, but has 
been used to a small extent for lime burning (S. 27). 

Satunga (25° 22': 92° 30'). An outcrop of coal, 1 ft. 9 ins. 
thick, has been recorded by La Touche (1034 — 3, 201). C-oal 1 ft* 
thick was also seen at Nokhara, in the same neighbourhood (S. 30). 
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Than-ji-nath (25° 18': 91° 57' 30"). A section of the Tertiary 
beds at this locality, given by Oldham (1326—8, 130), shows a 
seam of coal from 3 ft. 6 ins. to .4 ft. in thickness. It is said to 
thin out to the westward to 1 ft. 6 ins. 

Umblay R. (25° 20': 91° 5'), or Langrin. This is the 
largest coal field in the Khasi Hills, covering an area of about 30 sq. 
miles. The earliest mention of coal in this neighbourhood is by 
Jones (956 — 2, 284) in 1829, when the outcrop of a seam 2 ft. thick 
was found near the crest of the scarp overlooking the village of Laour 
in Sylhet, In 1869 Godwin-Austeii (669 — 13 , 11) described a section 
in the ravine of the Urn Plu, on the northern edge of the field, 
showing the qutcrop of four seams, with an aggregate thickness of 
20 ft. 4 ins. of coal. Additional outcrops were found along the edges 
of the field by La Touche (1034 — 2 ; — 4 ), but at such wide intervals 
that no reliable estimate of the total quantity of coal ‘available 
could be formed. The coal is of very fair quality, analyses of 
samples from, two of the seams exposed in a ravine near Borsora 
(25° 12': 91° 14') giving about 50 per cent, of carbon and from 6 to 
8 per cent, of ash (S. 28). 

Um Eileng (25° 36': 91° 52'). The outcrop of a seam of coal 
was discovered by Bose in 1902 at the foot of Dinghie hill, near the 
head waters of the Um Eileng (173 — 10). Subsequent exploration 
by means of' borings and trenches proved the existence of a seam 
5 ft. thick over an area of nearly 100 acres, equivalent to 470,000 
tons of coal. The coal is somewhat deficient in fixed carbon, con- 
taining about 30 per cent., but it contains only 6 per cent, of ash 
(S. 29). 

AVapung (25° 25': 92° 22') and Dongohala (25° 20': 92° 23') 
C4riesbaoh (708 — 34 , 18) records the discovery by Bose of outcrops 
of coal, about 5 ft. in thickness, at these localities. They probably 
occur in the same spread of Cretaceous rocks as the coal of Jarain 
and Satunga (S. 29). 

Lakliiinpur.— Jaipur (27° 16': 95° 27'). The discovery of several 
seams of workable coal on the banks of the Buri Diking 'Ll. near 
Jaipur, and of a seam 8 ft, thick at Borhat (27° 10' : 95° 25') on 
the Disang R., was announced by Jenkins (941 — 2) in 1838. For 
several years the coal was worked by means of open quarries for 
the supply of tea gardens in the neighbourhood (Hannay, 760 — 3 ; 
Medlicott, 1197 — 0, 395 ) ; and in 1876 the known outcrops were 
examined in detail by Mallet (1159 — 9, 314), who estimated the 
quantity of coal available within a depth of 450 ft., over a length 
of outcrop of 15 miles, at 20 million tons. 
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A more recent examination of the field by Simpson (1640r~8) 
has shoTO that the outcrops extend for a length of at least 25- 
miles. No estimate of the amount of coal available was made, 

except as regards a limited area near the Disang E., within easy 

reach of the Assam-Bengal railway at Dilli. Ten seams were 

found, of which six are of workable thickness. On a moderate 

estimate the quantity available in this area, within 500 ft. from 
the surface, would be about 2,676,000 tons. 

Owing to the position of the outcrops at the base of the hills,, 
and the high dip of the seams, a very small proportion of the coal 
lies above the saturation level of the country, and a high water 
discharge must be anticipated in mining. The quality of the coal' 
is good. Analysis (average, of 8 samples): — C=55*0 : Vol.=34*7 : 
Water=5*9 : Ash=4-4 percent. (S. 18). 

Maktjm (27° 18'': 95° 41')* No record appears to have been 
preserved of the discovery of this field, which is now the most pro 
ductive in Assam. When visited by Medlicott in 1865 (1197 — 9 ,. 
395), a seam of hard bright coal, 5 ft. thick, was being quarried on 
the Tirap E. The • outcrops were examined in 1876 by Mallet 
(1159 — 9 , 304), whn traced them for a distance of about 13 miles. 
The most valuable seams were found to lie between the Tirap and 
Namdang streams, a length of r>|- miles, with an average aggregate 
thickness of at - least 30 ft. The total quantity available within a 
depth of 400 ft. from the surface was estimated at 18 million tons. 
The seams usually dip at a high angle, but since the outcrop lies at 
a considerable elevation above the natural drainage level, the coal 
is easily worked by means of adits. 

Eegular mining operations were begun in 1881, when collieries 
were opened at Ledo, Tikak, and Namdano. In 1884 the output 
was 16,493 tons, and since then it has steadily increased to more than 
300,000 tons annually. Full accounts of the system adopted in 
working the collieries, conditions of labour, etc., have been given by 
Turner (1814) and Harris (768 — i). Measurements of ' the seams 
made by Simpson (1640 — 9) in 1906 show that their thickness was 
underestimated by Mallet. It varies from 60 ft. (60 ft. coal, 10 ft. 
fire-clay) at the Lower Ledo mine, to 106 ft, 6 ins. (79 ft. 6 ins. 
coal, 27 ft. fire-clay) at Namdang. A revised estimate of the total 
quantity of coal available between these places, and lying above the 
natural drainage of the streams, makes it about 90 million tons. 

The quality of the coal is excellent. Analyses of 10 samples by 
Smith (1665) gave the following average result : — C==57-47 : Vol. 
=40-38 : Ash=2’15 per cent. It cokes well, and yielded 10,900 
cub. ft. of gas per ton. Its chief defect is the high proportion of 
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sulphur which it contains, and its brittle character when c.xposcd to 
the atmosphere (S. 17). 

The output in 1914 amounted to 303,890 tons, and in 1915 to 
308,071 tons. 

Namohik or Namrup E. (27°. 25': 96° 2'). Three seani.s of coal, 
3 ft., 9 ft., and 3 ft. thick respectively, were discovered in 1837 by 
Griffith (709 — 4, 117) and Bigge (125 — 1) close to the junction of 
this river with the Buri Dihing. The seams were also described 
by Medlicott (1197 — 9, 399) in 1865. More recently (1911) the 
section has been examined by Pascoe '(1369 — 10), who describes it 
as consisting of five groups of seams within about 360 ft. of strata. 
The total thickness of coal exposed amounts to 60 ft., of which 5 or 
6 ft. is of poor quality. Analysis (average of 2 sam])Ies) : — ( '=52'9 : 
■Vol.=44-4 : Ash=2-7 per cent. (S- 16). 

Sibsagar.— Disai E. (26° 37': 94° 28'). Extent of field unknown. 
•Five or six seams, from 6 ins. to 4 ft. thick, were observed by Mallet 
(1159 — 9, 344) in a small -lateral stream near the village of Japu, and 
one of 3 ft. in the bank of the Disai. The coal is soft and crushed. 
•Analyffls : — C=54'9 : Vq 1.=36‘9 : ’W’ater=3‘4 : A8h=4’8 per cent. 
(S. 21). 

DoiaRUKG E. (26° 21': 93° 49'). An outcrop of poor coal, 3 ft. 
thick, has been described by La Touche (1084— i3). The c(tal 
contains 48-76 per cent, of ash. The seam is probably continuous 
with that exposed in the ISTambor E., 4 miles to tlie south-ea.st 
(S. 22). 

Jamuna E. (26° O': 93° 25'). The discovery of a seam of coal, 

2 ft. 6 ins. thick, near the falls on the Jamuna E., was reported by 
■ Jenkins (938—2) in 1835. Analysis :— C=29-9 : VoI.=60-9 : Ash 
=9-2 per cent. The existence of this seam has also been noticed 
by Brpdie (see McClelland, 1117—12, 949), Grange (689, 949), 
McClelland (1117—29), and Masters (1190, 58). 

Janji E. (26° 42': 94° 42'). The length of the field is about 2 
. miles. Coal seams are few and unimpoi-tant, the thickest known 
measuring .only 3 ft., of which 1 ft. is of inferior quality (Mallet, 
■1159—9, 3'43; S. 20). 

Longloi hill (25° 55': 93° 17'). A seam of coal 12 ft. thick, 
probably of Cretaceous age, has been described by Smith (1667—2, 
93). The coal is of poor quality. Analysis (average of 2 samples) : 
C=25-36 : Vol.=63-74 : Water=4-62 : Ash=16-28 per cent. (S. 21). 

Nambor E. (26° 19': 93° 61'). Coal was found in three places, 
■About 8 miles above the falls on the Nambor, by Smith (1657—2, 
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94). It is of extremely poor quality, containing from 30 to over 50 
per cent, of ash (S. 22). 

Nazira (26° 55': 94° 48'). The coal measures in this field have 
been traced for a distance of about 16 miles across the valleys 
of the Saffrai, Tiru, and Dikhu rivers. A seam about 10 ft. thick, 
of which 4 ft. was good coal, was mentioned by Thornton ( 1779 ) in 
1848 as occurring on the Dikhu, at a considerable elevation above 
the bed of the river. The outcrops were examined in 1876 by 
Mallet (1159 — 9, 328), who estimated the total quantity of coal 
available, within a depth of 350 ft. from the surface, at 20 million 
tons in the Saffrai area ; and at 15 million tons in the Tiru-Dikhu 
area within 600 ft. of the outcrop. More recent investigations of 
the seams exposed in the lower Saffrai and Dikhu valleys by Simpson 
(1640 — 8, 215), and of those in the upper Saffrai and adjoining areas 
by Hayden (793 — 18, 295), have shown that the number of seams is 
very large, but that the greater proportion of the coal lies below the 
permanent saturation level, and at too great a distance from the 
railway to be readily accessible. Simpson estimated that a limited 
area on the Dikhu, within 7 miles of the railway, would yield about 
2,210,000 tons of coal, obtainable by means of adits. 

The coal is similar to that of the Makum field. Analysis (average 
of 11 samples) : — C=D7*8 : Vol.=34*l : Water^S’r) ; Ash=2-6 per 
cent. (S. 19). 

Singpho Hills.— Maiobom (27° 27': 96° 21'). Two seams of 
hard bright coal were observed by La Touche (1034 — 7, 112) on the 
ascent from the Dihing R. to Maiobum, q|t elevations of 1,300 and 
1,800 ft. above the river. The lower seam measured 3 ft. in thickness, 
and the upper more than 6 ft, (S. 16). 

BALUCHISTAN. 

Bolan Pass.— Mach (29° 52': 67° 21'). The existence of thin 
seams of coal at this locality was noticed by Hutton (900 — 8, 570, 
601) in 1846. Sections of the strata containing the coal have been 
given by Griesbach (708 — 4 , 22) and King (987 — 40 , 6), The seams are 
- numerous, but very thin. None of those exposed near Mach exceeds 
2 ft. 8 ins. in thickness (Blanford, 148 — 72 ; — 73, 175). The coal 
bearing rocks are widely distributed along the flanks of the Sor 
range to the east of the pass, but are greatly contorted and broken 
'up by faulting. 

The coal is mined to some extent by petty contractors, the average 
annual output in recent years being about 8,000 tons. In 1914 
*8,677 tons were produced, and in 1915, 7,825 tons. It is of poor 

73 



COAIi. 


quality, and contains a considerable amount of pyrites. Analysis 
C=41'0 : Vol.=33'l : Water=10'9 : Asb=15’0 per cent. (S. 33). 

Sarawan.— Johan (29° 20': 67° 1'). Vredenburg (1854—36,. 
204) mentions the occurrence of a seam of coal, 3 or 4 ft. thick, in 
the upper part of the Ghazij group, half way between Johan and a 
place called Ziaeat. The coal is in a very splintery condition, and of 
poor quality. 

Zabakhu E. (30° 10': 67° 8'). Two seams of coal, with an 
average thickness of about 2 ft. 6 ins. and 3 ft. respectively, were- 
found by Oldham in this valley, and were traced eastwards for 
several miles (see King, 987 — 46 , 8 ). The quantity available within 
400 ft. of the outcrop was estimated at about 300,000 tons. The 
coal is of better quality than that of Mach. Analysis (average of 
2 samples) : — C=44-7 : Vol.=43-3 : Water=7-7 : Ash=4-3 per cent.. 
(S.34). 

Sibi.— Chamaelanq E. (30° 11': 69° 30'). Ball (71—19, 154, 
156) has described some seams of coal discovered by Sir E. Sandeman 
in 1870 in the Luni Pathan country. None of the seams observed 
exceeded 9 ins. in thickness, but the quality of the coal from the 
principal seam was good. Analysis (average of 2 samples) : — C= 
57-8 : Vol.=38-8 : Ash=3-4 : per cent. (S. 31). 

Duki (30° 11': 68° 37'). Seams of coal were found . by Oldham 
(1324 — 37 , 29) in several places, but the thickest measured only 14 
ins. (S. 31). 

Haenai (30° 6': 68" O'). Sections of the coal-bearing rocks 
lying to the W. of Harnai railway station have been described by 
Oldham (1324 — 32 , 108). The principal seams, in layers .of coal 
and carbonaceous shale, are 19 and 20 ins. thick respectively. The 
coal is of good quality, and makes an excellent coke. Analysis 
(average of 2 samples) :— C=50-3 : Vol.=36-24 : Water=8-36 : Ash 
=5‘10 percent. 

A 32-inch seam of coal at this locality is now being worked (S. 
32, 33). 

Khost (30° 13': 67° 34'). Sections of the coal measures exposed 
in this neighbourhood were measured by E. J. Jones in 1888, and the- 
prospects of obtaining useful coal were discussed by King (987 — 40 . 
7 ; — 41 ). The principal seam, with an average thickness of 2 ft. 
2| ins., was traced for a distance of about 2 miles. The quantity 
of coal available, within a depth of 1,000 ft., was estimated at 565,000 
tons. 

A colliery was opened ■ by the North-Western Eailway Co. in 
1877, and now produces about 40,000 tons of coal annually. Mort 
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(1257) has given a full account of the conditions under which mining 
is carried on, and of the method of briquetting the dust coal, from 
14r,000 to 15,000 tons being treated in this manner during the year. 

The coal is of fair quality, and cokes well, but it contains a con- 
siderable amount of p 3 ncites. Analysis (average of 6 samples) : — 
C=46-52 ; Vo].=41'51 : Water=2'28 : Ash=8'84 per cent. (S. 31). 

Sharigh (30° 12': 67° 42'). A section exposing 30 seams of coal 
within a vertical thickness of 370 ft. of strata was measured by 
Blanford in 1881 (148 — 72 , 161 ; — 73 , 191). These included only 
4 seams of 12 ins. or more, the thickest measuring 21 ins. Ana- 
lysis : — C=47'6 : yol.=40’8 : Water=6-8 : Ash=4‘8 per (5«at. Gries- 
bach (708 — 26 , 137) found two seams measuring 2 ft. and 2 ft. 3 ins. 
respectively in the upper part of the series, and considere'd that a 
large amount of coal would be available in this area (S. 31). 


BENOAL. 

Butdwan, Eakigakj, see BIHAR AND ORISSA, Manbbuui. 

Darjeeling. — Tindharia (26° 61': 88° 20'). The existence of car- 
bonaceous shales containing Damuda- fossils near Pankabaei (26° 
60': 88° 20') was recorded in 1849 by Hooker (867—6, Vol. I, 403). 
In 1854 Piddington (1406 — 60) gave an analysis of a specimen 
of ‘ earthy soot coal ' from the district, which was probably derived 
from this band. It contained 40'30 per cent, of aidi. 

In 1874 Mallet traced the band of Damuda rocks from Pankabari 
eastwards to the neighbourhood of Baling (27° 1': 88° 46'), a dis- 
tance of about 30 miles, and examined a large number of outcrops 
(1169 — 6, 14, 51). Many seams were found, varying in thickness 
from 2 to 11 ft ; but the intense cruAing to which the rocks have 
been subjected has reduced the coal to the condition of powder. 
Prospecting operations were carried out in the thick seam exposed 
at Tindharia, which was proved to a depth of 80 ft. from the outcrop 
(Mallet, 1159 — 10), and experiments on the coking properties of 
the coal were made. 

In 1890-91 Bose carried out an exhaustive exploration of the 
portion of the band lying between the Iasu and Ramthi rivers, a 
distance of 2|- miles (173 — 12 ; — 16 ). Numerous outcrops, varying 
in thickness from 5 t'o 24 ft., were opened out, and the coal from some 
of them was found to coke well. The quantity of coal available 
within a depth of 1,000 ft. from the outcrop, in the central portion 
of the area examined, measuring 97 acres, was estimated at 5J 
million tons, and the total quantity at 20 million tons. 
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The coal is of an anthracitic character, and contains only a 
trace of sulphnir. Analysis (average of 8 samples) : — 0=69*66 : 
Yo1.=22*94 : Ash=17*42 per cent. (S. 36). 


BHUTAN. 

Kala Pani (26"^ 66': 91° 66'). The remains of six lenticular 
seams of coal, from 2 to 3 ft. in maximum thickness, were observed by 
Pilgrim (1406 — 7) at a spot where the rocks had been exposed by a 
landslip. The coal occurs on the same horizon as that of DarjeeUng, 
and is in the same crushed and friable condition. A trial in the 
furnace of a stationary engine gave satisfactory results. Analysis : 
— 0=64*87 : Vol.=19*06 : ’Water=l*82 : Ash=24*25 per cent. 


BIHAR AND ORISSA. 

Hazaribagh. — B okauo E. (23° 47': 86° 42'). Specimens of coal 
from a locality on the’ Bokaro R., 24 miles to the S. E. of Hazaribagh, 
were forwarded to the Asiatic Society of Bengal by Drummond in 
1838 (508). The field was examined in 1852 by Williams (1935 — 2 , 
21), who found 11 seams of coal aggregating 30 ft. 10 ins. in thickness, 
of which 20 ft. 10 ins., in 6 separate seams, were considered to 
be workable. A complete survey was made by Hughes (888 — 2) 
in 1867. The total area was found to be 220 sq. miles. Seams 
very numerous, some of them being of great thickness. The 
eastern portion of the field is said to contain the most valuable 
seams. Total estimated quantity of coal available, 1,500 million 
tons. The field is iiow being exploited (S. 55). 

Cnopii (24° 2': 85° 17'). The smallest detached coal field in 
India, occupying about three-fourths of a square mile. Ball, who 
surveyed the field in 1872 (71 — 14), found only one seam of coal 
of poor quality, 4 ft. in thickness, and very limited in extent 
(S. 57). 

Giridih (24° 11': 86° 23') or Kakhabbari (24° 10': 86° 20'). A 
report on this field was published in 1850 by McClelland (1117 — 33, 
36). Twenty seams of coal were counted, with an aggregate thick 
ness of 92 ft. A seam of excellent coal, 11 ft. thick, was being 
worked in 1851 (Oldham, 1326 — 2, 5). Subsequent reports, giving 
details of the workable seams, geology, conditions of labour, and 
quality of the coal, have been drawn up by Smith (1655 — 2, 95), 
Hughes (888 — 3), and Saise (1545 — l ; — 3), as well as a brief 
description by Cadell (255—1). 
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The area of the field is about 11 sq. miles, of which 7 sq. miles 
are occupied hy Barakar rocks. The principal seams which have 
been worked are : — 

(1) Karharbari lower seam. Area, 7 sq. miles ; average thickness, 
16 ft. 4 ins.; total quantity of coal, 106 million tons. 

(2) Earharbari upper seam (now almost exhausted). Area, 150 
acres; average thiclmess, 6 ft.; quantity, IJ million tons. 

(3) Bhaddoah seam. Area, 913 acres ; average thickness, 6 ft.; 
quantity, about 11 J milhon tons. 

The remaining seams have an aggregate thickness of 66 ft., 
but much of the coal in them is of inferior quality. 

The field is greatly dislocated by faults and traversed by numer- 
ous dykes of basalt and mica peridotite, which have destroyed many 
thousand tons of coal. The effects of these intrusions have been 
described by Holland and Saise (864) and by Holland and Ward 
(865). They consist in a loss of bituminous matter, with an increase 
in the percentage of fixed carbon in the coal, and a disproportionate 
rise in the amount of ash, probably due to the introduction of foreign 
matter in solution. 

Analyses of the seams worked have given the following results : — 

(1) Lower seam. C=66*84 : Vol.=24'42 : Ash=9*16 per cent. 

(2) Upper seam. 0= 60*46: Vol. =28*11: Ash=ir96 per cent. 

(3) Bhaddoah seam. 0=61*24: Vol.=22*96: Ash=15*84 per 
cent. . 

The use of closed ovens for the production of coke and the re- 
covery of the valuable bye-products was advocated by Ward (1887 — 2) 
in 1904. These have been in successful operation for some years. 
They produce about 76 per cent, of coke, and 27 lbs. of sulphate of 
ammonia, per ton of coal. 

The output of the field was about 400,000 tons in 1880, and 
amounted to 872,647 tons in 1915. During the five years 1909 to 
1913, the average annual output was 725,136 toais. The. principal 
collieries are owned by the East Indian Itailway (Jo., and the Bengal 
Coal Co. (S. 40). 

Itkhubi (24^ 18': 85° 13'). The field is about 15 miles in 
length, with an average breadth of 1| mile, but the Barakars 
occupy only half a square mile of the area. Three seams of coal 
arc exposed, from 4 to 8 ft. in thickness. The coal is of inferior 
quality, containing over 30 per cent, of ash. Hughes (888— s, 
321) estimated the maximum quantity available at 2 million tons 
(S. 58). 

Karanpura (23° 50': 85° 15'). The discovery of a seam of coal, 
3 ft. thick and extending over a wide area, near Ballia (23° 48': 85° 
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19'), was recorded hj Dunbar (510—2) in 1841. A small portion 
of the field was surveyed by Williams (1935 — 2/42) in 1848, when 
ten seams, with an aggregate thickness of 28 ft. 10 ins., were 
found. IQ 

The field is divided by a narrow band of gneissic rocks into 
two portions, North and ' South Karanpura, with total areas 
of 472 and 72 sq. miles respectively. Hughes (888 — 7), who sur- 
veyed both fields in 1871, estimated the area of the coal bearing 
rocks in the northern field at 371 sq. miles, with an aggregate thick- 
ness of coal of 35 ft. The total quantity of coal was estimated at 
8,750 milhon tons. Similar estimates for the southern field were : — 
Area of coal-bearing rocks, 67 sq. miles ; average ag:gregate thickness 
of coal, 50 ft.; total quantity available, 75 million tons. 

Analysis of the coal from a seam at Gondalpub (23® 60' 30"': 
85® 22') gave the following result : — C=64-6 : Vol.=27-0 : Ash=8*5 
per cent. (S. 56). 

Karhabbabi, see Gibidih above . 

Ramoabh (23° 38': 85® 35'). This field was visited by Williams 
(1935 — 2, 39) in 1848, but the coal was pronounced to be of poor 
quality, and no details of the seams were given. A survey was 
made by Ball (71 — 2) in 1867. The total area of the field is about 
40 sq. miles. In the eastern portion the seams are generally thick, 
but of very variable quality. In the western portion the coal is of 
better quality, but the seams are cut up by faults and much crushed. 
The quantity available is probably about 5 million tons (S. 56). 

Alaublium. — Jhabia (23® 44': 86° 29').- Specimens of coal from 
a thick and extensive seam near Jharia were sent to the Asiatic 
Society of Bengal by Harryn^on (775) in 1838. The field was 
surveyed by Hughes (888 — l) in 1865, when the total quantity of 
coal available was estimated at 465 million tons; but nearly 30 
years elapsed before railway communication was established, and 
the serious exploitation of what is now the most productive coal 
field in India was undertaken. 

A re-survey of the field was made by Ward (1887 — l) in 1892. 
The area occupied by the Barakar group was found to be 150 sq. 
miles. In this group 17 seams of coal of over 5 ft. in thickness were 
counted. The quantity contained in Nos. 12 and 13 seams was esti- 
mated at 1,277 million tons, and the nett amount available at 864 
million tons. The seams in the overlying Eaniganj group, which 
covers an area of 28^ sq. miles, were considered both by Hughes and 
Ward to be valueless ; but in a summary by Griesbach (708 — 34 , 14) 
oi the results of a re-survey made by Stonier in 1902, it is stated that 
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two of the seams near the base of the group have been found to be 
workable. An additional seam, No. 18, was discovered in the 
Barakar group during the progress of this survey (S. 49). 

A description of the field, and of the system of mining adopted, 
has recently been published by Greenwell (701). 

The following analyses are given by Ward : — 

No. 12 seam. C=61*36 : Vol.=26*28 : Ash=12*36 per cent. 

No. 13 seam. C=59’12 : Vol.=29-05 : Ash=ll*83 per cent. 

No. 17 seam. 0=57*58 : Vol.=32*19 : Ash=10*23 per cent. 

A table of analyses of samples selected under the superinten- 
dence of E. P. Martin and Prof, H. Louis is given by Holland (859 — 
48 ). 

The output of the field has increased steadily since 1894, when 
about 15,000 tons of coal were produced. The average annual 
output for the five years 1909 to 1913 was 6,862,556 tons. In 1915 
it amounted to 9,140,800 tons. 

Eanioanj (23° 36': 87° 8'). This is the largest of the Damuda 
valley coal fields, covering an area of about 500 sq. miles. It 
was also the first to be exploited. A colliery was opened in 1774 
at Aitura, on the Barakar E., by Messrs. Sumner, Heatly, and 
Eedfearne, who obtained an 18 years^ lease of the property ; but the 
first consignment of coal sent to Calcutta met with an unfavourable 
report, and the enterprise was abandoned (Heatly, 801). 

About the year 1815 the first shafts were sunk at Eaniganj 
by Mr. Jones, owner of the Albion Mills, Calcutta (956 — i). Eight 
seams of coal, including two of 8 and 9 ft. in thiclmess, were passed 
through within a depth of 88 ft. Mr. Jones at the same time pro- 
posed a scheme, which was afterwards adopted, for the transport of 
coal to Calcutta by water (956 — 2, 285). 

The first survey of the field was made in 1842 by Homfray 
(866 — 1), who traced its boundaries and the course of the principal 
igneous dykes. The distinction in age between these coal measures 
and those of Assam was also pointed out. 

A report by Williams (1935 — i, 17) in 1850 gives details of the 
outcrop and quarry sections. Eighteen seams were counted in 
the lower coal measures, and thirty-two in the upper, with an aggre- 
gate thickness of 353 ft. 7 ins. of coal. 

In 1858-60 Blanford (148 — 7) carried out a complete survey of 
the field, and established a standard classification of the rock groups 
comprised in the lower Gondwana system. In the upper, or Kani- 
ganj group, nine seams, with an aggregate thiclmess of 120 ft., 
were being worked in the eastern portion of the field ; and .eleven 
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seams, with an aggregate thickness of about 100 ft., in the western. 
In the lower, or Barakar group, four seams aggregating 69 ft. in 
thickness were being worked. The course of the principal faults 
was laid down, as well as that of the numerous dykes of basalt and 
mica peridotite which are intrusive in the coal measures, and as in 
the Giridih and Jharia fields, have destroyed an i mm ense amount 
of coal. The total quantity of coal contained in the field was 
estimated at 21,671 million tons. 

A general account of the coal fields in the Damuda valley, with 
special reference to the systems of mining adopted at several of the 
collieries, has been given by Stonier (1715—5), who, in collaboration 
with Saise, has also published a revised map of the field (1715 — 6). 

A re-survey of the field has recently been made by a Committee 
of the Mining and Geological Institute of India, and has confirmed 
the general accuracy of Blanford's work (Walker, 1869). In the 
Barakar group several thick seams have been discovered during the 
interval; but it has become evident that the seams are variable 
in thickness, and that- the thick seams do not occur at the same 
horizon in the eastern and western portions of the field. Some were 
found to thin out in passing from east to west, and others in 
the opposite direction ; while one seam, the Sanctoiia, was found to 
attain its greatest thickness in the centre of the field. 

The dimensions, etc., of the most important seams are shown in 
the following table. The quantities available are estimated on the 
assumption that the seams can be worked to a distance of 2 miles 
from the outcrop : — 


Quality. 

Seam. 

Average 

thickness. 

Length of 
outcrop. 

Total 

quantity 

available. 



Feet. 

Miles. 

Million tons.. 


Dishabcabh . 

18 

12 

300 

lEirst class 

Sanctoria 

10 

2 

30 


SiBPUR . 

15 

9 

188 


Ghusio . 

12 

3 

50 

Medium class 

Raniganj 

15 

2 

40 


Laikidih-Salanpur . 
(Barakar) 

20 

10 

270 


Total 

•• 

•• 

878 
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Analyses of 31 samples by Tween in 1877 (1820 — 4) gave the 
following average result : — C=53'20 : Vol.=25’83 : Water=4;'8 : 
Aflh=16-17 per cent. 

A series of analyses made by Saise was published by Holland 
(859 — 46) in 1904. From these it appears that there is a progressive 
increase in the amount of moisture and volatile matter in passing 
from the lower to higher stages, with a corresponding decrease in 
the proportion of fixed carbon. The average values obtained were : — 


— 

Babakab. 

BANiaANJ 
lower seams. 

pABiaABJ 
upper seams, 







Per cent. 

Per cent. 

Per cent. ! 

Water 

. 



. 

. 

1-06 

3-76 

6-82 

Volatile matter . 

. 

. 

• . 

. 

. 

26-96 

31-61 

32*18 

Carbon 


• 


. 

. 

66-22 

49-67 

44-76 

Ash . . , 

• 

• 

a 

• 

• 

16*76 

16-05 

16-24 


The following calorific values have been obtained by Hughes 
(885—3) 


— 

Calculated. 

By experiment. 


Calories. 

Calories. 

A, Raotganj (22 samples) • . . . 

6,835 

6,767 

B. Barakab (3 samples) 

7,671 

7,348 


The coals determined had the following average composition : — 

A. C=53-42 : Vol.=32-16 : Water=4-76 : A8h=9-66 per cent. 

B. C=64'05 : Vol.=24-76 : ■Water=l-65 : Ash=9-54 per cent. 
(S. 43). 

The following statistics of output have been published at various 
periods : — 

1815-23. Herbert (827 — 4). Average for 9 years, about 400 
tons. 

1832. Johnston (947 — i, 317). From 10,000 to 14,000 tons 
annually. 
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1858-60. Blanford (148 — 7, 183). Average for 3 years, 281,995 
tons, from 42 collieries. In 1910 the number of collieries had 
increased to 206. The average annual output for the five years 1909 
to 1913 was 4,566,198 tons. In 1916 it amounted to 5,484,596 tons. 

Palamau. — Atirunoa E. (23® 49': 84® 20'). This field was sur- 
veyed in 1878 by Ball (71—32, 55). The total area is 97 sq. miles ; 
but workable coal is confined to the rocks of the Barakar group, 
which cover an area of 58J sq. miles. The sections exposed show 
numerous seams of coal and carbonaceous shale, but only three are 
worthy of consideration. The total quantity of coal contained in 
these was estimated at 20 million tons. 

. The quality of the coal is poor. The average values obtained 
from 7 samples were: — C=36-5 : Vol.=29*2: Water=6’7 : Ash= 
27‘6 per cent. (S. 58). 

Daltonoanj (24® 2': 84® • 7'). Coal of poor quality was dis- 
covered on the Ainanat R. near Sinora (24® 7': 84® 6') by Franklin 
(616—6 ; — 6) about the year 1829. An attempt was made in 1840 
to open up the seam, when about 35 tons were extracted and sent 
to Dehri-on-Son (Ravenshaw, 1461 — l). 

The prospects of exploiting the field were discussed by Tytler 
(1824 — 2) and Sage (1541) about the year 1840, and colHeries were 
soon afterwards opened by the Bengal Coal Co. at Rajhara and 
Pandua, on the northern edge of the field. Brief accounts of the 
operations of the Company hare been given by Smith (1655 — i, 80) 
and Thompson (1771 — 2, 11). Considerable quantities of coal are 
said to have been extracted and sent down to the towns on the 
Ganges during the rainy season. 

In 1872 the field was fully surveyed by Hughes (888 — 9). The 
total area is about 200 sq. miles, of which only 30 sq. miles are occu- 
pied by the Barakars. The seams exposed near Singra were found 
to vary both in thickness and quality ; but the one which had been 
worked near Rajhara, with an average thickness of 6 ft., wsCs estimated 
to contain 11,600,000 tons of useful coal. 

Grant (693) gives sections of two borings put down on the Jinjoi 
R. in 1883, and estimates the quantity of coal in the field at 23 
million tons. A much higher estimate, amounting to no less than 
161,377,000 tons containing 11*7 per cent, of ash, was made by 
Saise as the result of a partial exploration in 1890. 

A series of borings put down in 1891 by the Public Works Depart- 
ment showed that although two distinct seams occur over nearly 
the whole of the area, the coal is for the most part of such inferior 
quality that only a very small proportion is of economic value. It 
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■was estimated that about 9 million tons of fair quality might be 
obtained from an area of one sq. mile near Rajhara (La Touche, 
1034—18). 

Analyses of 2 samples from the Rajhara seam gave the following 
average result : — 0=49*37 ; VoL=27*63 : Water=8*40 : Ash=14*60 
per cent. 

Railway communication “with the field was opened in 1901. The 
average annual output for the five years 1909 to 1913 was 79,442 
tons. In 1915 it amounted to 85,785 tons (S. 59). 

Htjtar (23® 50': 84® 7').' One of Rennell's maps ( 1473 — i, 
No. VIII), published in 1781, contains the legend ' Cole mine ^ in 
the approximate position of this locality. Sage in 1830 discovered 
a seam of good coal, 3 ft. 9 ins. thick, on the Ghorasan’ R., a tributary 
of the Koel (Franklin, 616 — 6, 219). 

Ball (71 — 32, 91) made a complete survey of the field in 1878. 
The total area was found to be about 78 sq. miles, of which 57 sq. 
miles are occupied by the Barakar group. Three seams of useful 
coal were met with, measuring from 8 ft. to 13 ft. 8 ins. in thickness ; 
but the area over which they extend could not be ascertained, and 
it was not found possible to make any reliable estimate of the quan- 
tity available. 

The coal is said to be of average Indian quality. The average 
composition of 8 samples was: — 0=55*35: Vol.=28*0 : Water= 
6*95 : Ash=10*7 per cent. (S. 59). 

Santal Parganas. — ^In the course of a geological survey of the 
Rajmahal hills, carried out in 1869-70, Ball (71 — 26, 179) examined 
the outcrops of coal known to occur in that area. A list of the seams 
exposed, with particulars of their thickness and quality, is given on 
pp. 230-235 of his memoir. The area over which the coal bearing 
Damuda rocks are exposed extends along the western border of the 
hills, and was estimated to cover about 70 sq. miles. It is not 
known how far these rooks extend eastwards, where they are con- 
cealed by thick flows of basalt. The total quantity of coal available 
over the exposed area, assuming the existence of a seam 5 ft. in thick- 
ness, was estimated at 210 million tons. 

A general account of the coal fields in these hills had previously 
been given by Oldham (1326 — 6, 275). 

The following coal fields situated in the district have been 
described : — 

Brahmini R. (24° 17': 87® 32'). Discovered by Pontet in 1838. 
Some coal was raised but was of poor quality (Ball, 71 — 26, 182). 
Aaialysis : — C=38 : Vol.=42 : Ash =20 per cent. 
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Chapaebhita (24° 47': 87° 29'). Discovered hy Slierwill in 
.1851 (1685 — 9, 573). Seams of 6 ft. and 4 ft. occur, but were not 
considered to be worth working. 

Dubrajptjb (24° 25': 87° 32'). Sherwill (1625-r9, 598) describes 
seams from 1 ft. 2 ins. to 3 ft. in thickness, but according to McClelland 
(111*? — 33 , 44) none is of workable quality. 

Giloteria (24° 51': 87° 28'). Two seams 6 ft. and 3 ft. thick 
respectively were found by Stuart (1783 — 4 ) in a small patch of 
Damuda rocks. Analysis :— 0=39-67 : Vol.=30-94 : Water=7-46 : 

A8h=2r92 per cent. 

Huea (24° 59': 87° 27'). Several seams occur, but are of poor 
quality. About 40,000 tons of coal were extracted in the years 
1859-60 (Oldham, 1386 — C2, 149). Borings put down in 1890 (King, 
987 — 46 , 3 ) failed to detect the presence of good coal (Ball, 71 — 26 , 
194). 

_ Jainti (24-° 10': 86° 46'). Area of Barakar rocks about 5 sq. 
miles. Seams of coaly shale occur, none over 3 ft. thick (Hughes. 
888—4, 249). ® 

KtTNDiT Kaeaia (23° 58': 87° 13'). Area of Barakar rooks about 
IJ sq. miles. Two seams occur, one of 1 ft. 2 ins. containing fair 
coal (Hughes, 888 — 4 , 264). 

Paohwaea (24° 30': 87° 28'). This was considered by Oldham 
(1386 — 6, 275) to be the most promising of the Raimahal coal 
fields ; but Ball (71—26, 187) says that the beds are so disturbed, 
and the area so small, that they can never produce any consider- 
able amount of coal. The quality also is very poor. 

Sahajori (24° 8': 86° 54'). Area covered by Barakar rocks, 
about 5 sq. miles. Sections few and imperfect. Samples analysed 
by Waldie contained 37 per cent, of ash (Hughes, 888 — 4 , 253). 

The average composition of 13 samples of coal from various 
localities in the Raimahal hills was found to be : — C=42-13 : Vol.= 
39-50 : Ash=18-37 per cent. (S. 38). 

Tsilcher.— Talchee (20° 57': 85° 18'). A discovery of coal on 
the Talcher estate in Cuttack was reported in 1827 (35 — 17). Sub- 
sequently, in 1837-39, Kittoe announced (994—1 ;— 3, 1062 ;— 4. 
141) the discovery of coal seams on several of the streams flowiirg 
into the Brahmini R. One seam, 18 ins. thick, was said to be of 
fair quahty. 

In 1855 the field was surveyed by W. T. Blanford, H. F. Blanford, 
and Theobald (150) with ^appointing results, summarised by 
Oldham in the first paper pubhshed in the Memoirs of the Geological 
Survey (1386 — 10). The total area of the field was found to be 
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about 700 sq. miles. A thick seam at Gopulpersad (20° 68': 85° 
6'), favourably mentioned by Samuells (1550), was found to consist 
of carbonaceous shale, with strings of coal not more than 3 ins. in 
thickness : and no seam of workable coal was met with elsewhere. 
A brief description of the field was afterwards" given by W. iT. 
Blanford (148 — 35, 63), who suggested sites for borings ; but no further 
action appears to have been taken. 

Specimens of the coal examined by Piddington (1405 — 67) were 
found to contain over 30 per cent, of ash (S. 37). 


BOMBAY. 

Cuteh. — Bhxjj (23° 16': 69° 44'). The occurrence of a bed of 
hgnitic coal near Bhuj was noted by Macmurdo in 1818 (1145 — i, 
209). Borings were put down near Sisaoadh (23° 6' : 69° 24') in 
1834 and 1835 by Grant (691 — i; — 2; — 3, 293) in the hope of 
finding workable seams, but without success. An attempt was 
made to work a bed of coal at Trombow (Trambau, 23° 19' 30": 69° 
48') but. the seam was only 16 ins. thick, of which only halt was 
good' coal (Blanford, 148 — 16 , 23). 

The coal is of Jurassic age. According to Wynne (1975 — 8, 58; 
— 11, 86), the seaims thin out rapidly, and there is no prospect of 
obtaining useful coal either from these beds or from the overlying 
Tertiary rocks, among which thin layers of coaly shale also occur (S. 61). 

Kathiawar. — Than (22° 34' 30" : 71° 15' 30"). Black carbonaceous 
shale with thin strings of coal near this place have given rise to reports 
of the occurrence of coal in the province (Fedden, 569 — 6, 82, 133). 
The deposit is of no value as fuel (S. 61). 

Sind. — Lainyan (25° 40': 68° 13'), Coal was found in a shaft 
sunk at this place, at a depth of 64 ft. from the surface, in 1857 
(Phillips, 1400). The seam when opened out was 5 ft. 9 ins. thick, 
but according to Blanford (148 — 14 , 13) it thins out rapidly in all 
directions, and was soon exhausted (S. 60). 

BURMA. 

Bhamo. — MITHW^l (24° 5': 96° 59'). This field was examined in 
1896 by Hayden {see Oldham, 1324 — 62, 6). Coal occurs in thin seams, 
the best of which is 2 ft. 8 ins. thick, but is shaly and poor. The 
beds (Tertiary^ are highly disturbed and crushed, and penetrated 
by igneous intrusions (S. 74). An output of 25 tons of coal is re- 
ported for the year 1915. 
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.Chindwin (Upper). — Kal^ R. (23° 11': 94° 20'). Two specimens 
of coal said to have come from the Ohindwin R., were examined by 
Piddington (1405 — 64 ) in 1864. One of them is described as an. 
excellent steam coal, containing: — 0=67*85: Vol. =26*50 : Water 
=4*25: Ash=r40 per cent. The other is called a jet coal, and con- 
tains 23*40 per cent, of ash. 

A section on the Kal^ R., above its confluence with the Ohindwin, 
was examined by Jones (952 — 4:, 172) in 1887. Ten seams were 
found in aii area of a square mile, all of which, except one 10 ft. 
thick, were considered to be useless. A more detailed survey by 
Noethng (1311 — 14 ) showed that the field has a wide extension. 
The coal measures occupy the valleys of the Nantahin, Peluswa, 
Maku, and Telong streams, to the N. of the Kal6, for a distance of 
65 to 60 miles. In the Maku valley the aggregate thickness of 
coal available was estimated at 24 ft. The Nantahin-Peluswa tract 
which was more thoroughly surveyed, was found to cover an area 
of about 25 sq. miles, with a total thickness of coal of 48 ft. Assum- 
ing that this could be worked to a depth of 1,000 ft. from the out- 
crop, the total available yield would be 210 million tons. 

The field has not yet been developed. In the course of pro- 
specting operations 1,222 tons of coal were extracted in 1906 from 
a 10 ft. seam exposed on the Kale R. near Kalewa (861, 67). 

The average composition of the coal, as shown by 13 samples, 
is:— C=49*95: Vol. = 34*59 : Water=10*14 : Ash=5*30 per cent. 
(S. 72). 

Henzada. — Three occurrences of coal in this district have been 
described by Romanis (1511 — 6 ) and Stuart (1723 — 9 , 254). The 
localities are : — 

Hlemauk (17° 50': 96° 6' 30''). Outcrop of coal about 20 ins. in 
thickness. The quality is very poor, ’owing to a large percentage of 
iron pyrites. The seam apparently extends for several miles to the 
south, to Kyibin, but consists only of carbonaceous shale. 

Kywezin (17° 58' 30": 95° 9'). Seam at the outcrop about 10 ft. 
in thickness with a high easterly dip. The beds are much faulted 
and contorted, and the coal is greatly crushed. Analyses show a 
high proportion of fixed carbon. Average of 3 samples : — 0=74*44 : 
Vol. =17*59 : Water=l*68 : Ash=6*29 per cent. 

Practical tests gave disappointing results : for though it was 
found to be an excellent smithy coal, a full pressure of steam could 
not be kept up in the boiler of an engine. 

PosuGYi (18° 10': 95° 7' 30"). The seam at the outcrop varies from 
6 to 20 ins, in thickness. The outcrop is close to a main fault and 
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the beds are greatly contorted. Analysis : — C=69'65 : 'V’ol.=18-21 : 
Water=6'36 : Ash=5'78 per cent. (S. 64). 

Katba. — ^PiNiEBU (24° 6' : S5° 24)'. Several outcrops were found 
by ISToetling (1311 — 18, 120) in this neighbourhood. Most of them 
are too thin or too poor in quahty to he of value. The best occurs 
near YuviKrBYBT, S. of Pinlebu, and is 4 to 5 ft. thick. Analysis : — C= 
b2'22 : Vol.=34‘24 : Water=6'60 : Ash=7'04 per cent. (S. 74). 

Kyaukpyu. — Cap I. (19° 26': 93° 31'). A discovery of coal here 
attracted some attention in 1841-42 (Spry, 1687 — 6, 144 ; Hinton, 
838). The seam is said to be very irre^ar, and to dip at a high 
angle. It was evidently of no economic value. 

Chbdxjba I. (18° 60': 93° 40'). Mallet (1159 — 14, 209) describes 
a seam, 2 ft. 6 ins. thick, near Paliajstq Roa, in the southern part 
of the island. The coal was very brittle. A seam mentioned by 
Halstead (742, 23) as occurring near the coast in ‘the Tangroa circle 
is merely a carbonaceous sandstone (S. 68). 

P.AMT!. T I. (19° 5': 93° 50'). In 1833-34 the discovery of coal at three 
localities in the island was reported by Holey (595 — l ; — 2). The 
seam at one of these, Synkyaung near Kyaukpyu, is stated by 
Prinsep (1436—16) to be from 6 ins. to a foot thick. Analysis:— 
C=67-0 : Vol.=29-0 : Ash=4-0 per cent. 

In 1878 all the known outcrops were ' examined by Mallet (1159 — 
14). The occurrences mentioned by Foley were foimd to be mere 
nests or lenticular seams of lignite. A true seam, 6 ft. thick, 
was found near Tsetama (18° 57': 93° 56'), but with a high dip 
and of small extent.- The coal is very soft and friable. Analysis:— 
0=38-4 : Vol.=28-9 : Water=14-6 -• Ash=18-1 per cent. (S. 67). 

Alergui. — The existence of coal on the Gr^t and Little Tenassenm 
rivers was brought to notice by Heifer (808 — 3 ; — 6, 36) in 1838-39. 
On the latter river he described outcrops of a seam 6 ft. thick, exposed 
at several places near Tsingkoon (12° 1': 99° 6'), and estimated the 
total quantity available at 3,600,000 tons. He considered the coal 
exposed on the Great Tenasserim R. to be of no value, but in a later 
paper (808—4) he mentioned an outcrop at Ta-the-na (? Thatay- 
KYAUNG or Tbndatj, 12° 20': 99° 10'), showing over 6 ft. of coal of 
fair quality, though much contaminated by pyrites. A_ scheme for 
working the coal was proposed by Hutchinson (899), and in 1840 Re- 
specting operations were undertaken by Government (Cullen, 397- 
3 - Tremenheere, 1802—6). A considerable quantity of coal appears 
to’ have been raised ; but the loss of a vessel laden with Mergui coal, 
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through, spontaneous combustion of the cargo, led to the abandon- 
ment of the mines (O’Riley, 1340 — 3, 738). 

In 1856 most of the outcrops were visited by Oldham ( 1326 — 13 ). 
The thickness of the seams at Tsing-koon is said to have been ex- 
aggerabed, but two seams of 2 ft. and 3 ft. were found, containing 
coal of fair quality. On the Great Tenasserim seams of 6 ft. to 17 ft. 

6 ins. in thickness were met with at three localities. The quantity avail- 
able was estimated at 19,360 tons per acre over an area of 4 sq. miles. , 

Some years later the prospects of re-opening the mines at Thafcay- 
Kyaung were discussed by Harrison ( 774 ) and Fryar (625 — 4) ; but 
no further steps were taken till 1892, when Hughes ( 888 — 32 ) re- 
ported on a seam 12 ft. thick, including 7 ft. 7 ins. of good coal, on 
the Hti-phan-ko stream, a tributary of the Great Tenasserim N. 
of Kamapying (12° 27': 99° 8'). 

In the following year, Bose (173 — 18) carried out a detailed 
survey of the field, to which the name Tendau-Kamapying was given. 
Coal was found in beds both of Carboniferous and Tertiary age, 
but that in the former is said to be of no value. The Tertiary coal 
measures cover an area of about 30 sq. miles ; but the outcrops 
e^iamined are restricted to the neighbourhood of Tendau and Kama- 
pying respectively. In the Kamapying area a seam with ah 
average thickness of 15 ft. was found to extend for about three 
quarters of a mile, and the quantity available within a vertical 
depth of 200 ft. was estimated at 600,000 tons. In the Tendau area 
the average thickness of the seam was taken to be 4 ft., and the 
quantity available within the same vertical depth was estimated 
at 380,000 tons. 

The following analyses of the coal have been made : — 

Tsmo-KOON. C=50’3: Vol.=49*7 : Ash=8*5 per cent. 

Kamapying. 0=44*24 : Vol,=35*08 : ■W‘ator=16*40 : Ash=4'28 
per cent. 

Practical tests of the Tendau coal, carried out by Johnston 
( 947 — 2) in 1839, are said to have given satisfactory resultSj as 
compared with Eaniganj coal (S. 61). 

Lenya E. (ll"" 25': 99° O'), A-tong-wo. An outcrop on the 
Phlia stream, 8 miles above Lenya, was described by Oldham (1326 — 
13). The seam is very irregular, varying from 1 ft. to 2 ft. 6 ins. in 
thickness. The coal ignites with some difficulty, hut can be obtained 
in large solid masses. It contains niunerous lumps of amber-like 
resin (S. 64). 

Pakokku. — Yaw E. (21° 18': 94° 20'). This field was surveyed 
in 1914 by Cotter and Sethu Eama Eau (372 — li). The coal seams 
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occur in tlie lowest subdivision of tie Pegu series, and are of Miocene 
age. Outcrops occur in two main areas : — 

1. Letpanhla field. Numerous seams are exposed, and have 
been examined for a length of about IJ miles. The main seam was 
found to be from 5 to 6 ft. thick, but it contains numerous partings 
of shale. 

2. Tazu field. Three fairly good seams are exposed in places, 
but the thickness varies considerably. The lowest seam is 7 ft. 
thick at one point, but contains frequent partings of shale. The 
highest seam increases in thickness from north to south, but does not 
contain more than 2 ft. 7 ins. of coal. 

The coal contains a high percentage of moisture. Analyses of 
22 samples gave the following average composition : — C=35’86 : 
Vol.=34-15 : Water=18-73 : Ash=ll*28 per bent. 

Shan States (N.). — The coal measures of the Northern Shan 
States occupy a series of detached basins grouped around the base 
of Loi Ling, the loftiest mountain in the States. The beds in which 
the coal is found are probably of lacustrine origin, and of late Tertiary 
age (La Touche, 1084 — 45 , 309, 367). The following areas have been 
examined : — 

Lashio (22® 56': 97^ 47'). The coal field lies in the valley of the 
Namyau R., about 5 miles to the N. of the town. It was visited 
in 1891 by Noetling, who recorded the existence of several outcrops 
(1311 — 4 ) indicating the presence of a seam extending for about 
2 miles, and in one place at least 30 ft. in thickness. 

In 1904-05 the field was surveyed by La Touche and Simpson 
(1037), and at the same time some prospecting work was undertaken 
by the Burma Railways Co, The area of the field is about 50 
sq. miles, but the coal is exposed only along its southern edge, in 
the bed of the Namyau and the streams which join it- from the 
north. Coal was found in seven places, varying in thickness from 
a foot to 33 ft.; but it was not found possible to say whether a con- 
tinuous seam exists or not, or to make any estimate of the total 
quantity available, on account of the lenticular character of the 
seams opened up by the excavations. 

The coal is a brownish black lignitic variety, with a distinctly 
woody texture, and on exposure to the air it quickly breaks up into 
small cuboidal fragments. On trial it was condemned as a locomotive 
fuel. Its average composition, as shown by analysis of 6 samples, 
is: — 0=31*08: Vol. =35*63 : Water=20*65 : Ash=12*64 per cent. 

(S. 70). 
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Man-sang (22® 26': 97® 58'). Surveyed by Simpson (1640 — 6, 
144) in 1905. The area of the field is about 13J sq. miles. Numerous 
outcrops were found, but none exceeds 4 ft. 6 ins. in thickness. 
The coal is a hard shaly lignite, disintegrating rapidly on exposure 
to the air. Average analysis (6 samples) : — C=36*32 : Vol.=35*13 : 

. ■Water=14'23 : Ash=14*32 per cent. (S. 71). 

Man-se-le (22® 40': 98° 16'). Surveyed by Simpson (1640 — 6, 
162) in 1905. Total area about 13| sq. miles. Coal was found in 
six or seven places, but there appears to be only, one seam of workable 
coal, of small average thickness. A sample from a seam 3 ft. 2 ins. 
thick yielded on analysis: — 0=34*22: Vol. =38*83 : Water — 14*73: 
A8h=12*22 per cent. (S. 71). 

Namma (22° 42': 97° 52'). This field was visited in 1891 by 
Noetling (1311 — 4, 116), who thought that he could detect the 
presence of ten seams, each of which was not less than 5 ft. thick, 
containing coal of excellent quality. 

A thorough examination of the field was carried out by Simpson 
(1640 — 6, 125) in 1905, when the naost promising seams were proved 
by excavation.. The total area of the field is about 50 sq, miles. 
Only two seams of economic importance were found. One of these, 
varying in thickness from 7 to 17 ft. was traced for a distance of 
about half a mile near Namma. The other, exposed near Mong- 
TiNG, about 5 miles to the N. E. of Namma, has a maximum thickness 
of 5 ft., but quickly thins out, and is of inferior quality. It was 
estimated that the Namma seam would yield about half a million 
tons. 

The coal is somewhat harder than that of the Lashio field, but 
becomes brittle when dry. The average composition of 5 samples 
was : — 0=38*81 *. Vol.=36*90 : Water=16*58 : Aah=7*71 per cent. 
(S. 70). 

Wetwin (22° 5' 30": 96° 38' 30"). Three outcrops of coaly 
material, situated 9 miles to the east of the Mandalay-Lashio rail- 
way at Wetwin, were examined in 1914 by Coggin Brown {see Middle- 
miss, 1219 — 31, 112): The age of the coal could not be determined, 
but it resembles the Tertiary coal of Lashio in composition. It has 
a dull black colour, and quickly crumbles to powder on exposure 
to the air. No estimate of the quantity available is possible without 
excavations or borings. Average analysis (3 samples) : — 0=33*69 : 
Vol,=38'38 : Water=16*39 : Ash=ll*61 per cent. 

Shan States (S.)— Legaung (20° 50': 96° 33'). A thin seam of 
coal is mentioned by Jones (952 — 4, 188) as occurring here and at 
Tttpalwigon, about one mile distant. The coal is very powdery 
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and of poor quality. Average analysis (2 samples) : — 0=70*43 : 
Vol.=12*50 : Water=2*08 : Asli=14-99 per cent. (S. 69). 

Panlaung R. (21° 5': 96° 20'). This field was surveyed ^ by 
Jones (952 — 4, 177) in 1887. Total area, from 150 to 200 sq. miles. 
Numerous groups of outcrops occur, but the seams are all thin and 
irregular, and none holds out any prospect of being workable. 
The beds are highly disturbed, and the coal greatly crushed. 
Average analysis (8 samples) : — 0=66*81: Vol.=16*86 : Water=4*82 : 
4Lsh=13*01 per cent. (S. 69). 

PwEHLA (20° 51': 96° 43'). A seam of shaly coal, varying from 
7 to 11 ft. in thickness, has been despribed by Jones (952 — 4 , 189) 
as occurring at Nan or NaoTKO-YAYOi, 7 to 9 miles to the N. W. 
of Pwehla. The seam contains a large quantity of pyrites. Middle- 
miss (1219 — 22, 149) describes the seam as consisting of graphitic 
shale, of no value as fuel (S. 69). 

Thamakan (20° 42': 96° 42'). A seam at Po-pyu, 8 miles to 
the S. W. by S. of Thamakan, has been described by Middlemiss 
(1219 — 22, 150). At one spot it is 3 ft. thick, and seems to be 
fairly continuous along the strike. The coal appears to be very 
good, but friable (S. 70). 

Sliwcbo. — Kabwet (22° 44': 95° 59') or Thingadaw (22° 57': 
96° O'). In 1855 Oldham (1826 — 17 , 332) described outcrops of 
coal at three localities in the neighbourhood of Thingadaw on the 
Irrawaddy. These were : — 

Tbmbiung. Seam 4 ft. thick, including 1 ft. 3 ins. of coal of 
poor quality. 

Kibiung stream, 5 miles W. of Thingadaw. Sea^n 5 ft. 6 ins. 
thick, including shaly layers. Coal flaky and woody with much 
fossil resin. 

Locality 8 miles N, W. of Thingadaw. Seam about 4 ft. thick, 
exposed for about 200 yards. Coal hard and jetty with much resin. 

Coal was being mined at Letkobin and Ketzubin, near Kabwet, 
when Anderson visited the locality in 1870 (29 — 2, 198). The seam 
worked was about 6 ft. thick, but much of the coal was of poor 
quality. King [Records, Q. S. I., XXVII, 33), after an inspection of 
the field in 1894, considered that the area over which coal of good 
quality occurs is very restricted, and thought that the quantity 
available would not be more than 150,000 tons. The output of the 
mines was then from 10,000 to 15,000 tons annually. It reached a 
maximum of nearly 23,000 tons in 1896, but after considerable 
fluctuations the mines were closed in 1904. 
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A lepresentative sample from Letkobin lias the following com- 
position C=36*22 : Vol.=37-68 : Water=ll*94 : Ash=14:-16 per 
cent. (S. 71). 

Tliayctmyo. — K yauk-kalI (19° 27': 94° 44'). A bed of car- 
bonaceous shale, containing a one-foot seam of hard bright coal, is 
mentioned by Theobald (1763 — 16, 342). The seam has a very 
high dip, and is probably worthless. This occurrence is also men- 
tioned by Banking (1458, 57). 

Thayetmyo (19° 19': 95° 14'). An outcrop of coal on the ‘ Lime 
Hill/ about 5 miles to the S. of Thayetmyo, was discovered in 1855 
by White (1921). On examination in the same year by Oldham 
(1326 — 14), the seam proved to be very irregular in thickness, 
-decreasing from about 4 ft. at the outcrop to about 20 ins. within 
14 ft. from the surface. Subsequent exploration confirmed the 
opinion then expressed that the deposit is of little value (Romanis, 
1511—9, 150). 

A sample of the coal analysed by Piddington (1405 — 75) gave 
the following result : — 0=64*10 : Vol.=30*25 : Water=2*50 ; Ash 

=3*15 per cent. Trials carried out in 1855 by Jones (954) showed 
that it compared favourably with Raniganj coal (S. 65). 

CENTRAL INDIA AGENCY. 

Rewall. — JoHiLLA E. (23° 24': 81° 5'). The occurrence of frag- 
ments of coal in the Johilla R. was noted in 1840 by Spilsbury 
^1684 — 10, 901). In 1881 a section in the bed of the river near 
Pali was described by Hughes (888 — 24, 127), who afterwards made 
a detailed survey of the field (888 — 29, 169). 

The coal measures are exposed in two separate tracts. The 
southern has an area of sq. miles, but no indications of a work- 
able seam were found in it. The area of the northern tract is 
sq. miles. Borings proved the existence of at least two seams, 17 ft. 
and 6 ft. thick respectively, at two localities. The quantity of coal 
available was estimated with some reserve at about 100 million tons. 

Analyses of 3 samples of the coal gave the following average 
result :—C=54*43 : Vol.=34*85: Ash=10*72 per cent. (S. 77). 

Kohar (23° 38': 80° 56'). Surveyed by Lala Hira Lai (see 
Hughes, 888 — 29, 165) in 1882. Total area 9| sq. miles. Few 
outcrops were found, hut a boring at Jawala Mxjkhi, between 
Korar and Kotalwar, proved the existence of four seams, 8 ft., 
4 ft., 4 ft., and 7 ft. thick respectively. A sample from one of the 
^outcrops yielded on analysis: — 0=65*48: Vol.=12*66: Water=5*04 
Ash=16*92 per cent. (S. 77). 
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SiNGRAULi. A discovery of coal near Kota (24° 6': 82° 45') 
^as reported by Wronghton ( 1974 ) in 1840. Prospecting pits were 
opened and a seam about 4 ft. thick, with several bands of bituminous 
shale, was proved. The workings were still being carried on in 
1855-57, when reports on the field were made by Eoberts ( 1492 ) 
^nd Smith (1655—2). The latter mentions the occurrence of a 6 
ft. seam at Nawa Kagar, 6 miles to the S. W. of Kota, and of a 
quarry at Padri, about 12 miles farther west, in a seam 21 ft. 
thick. 

Griesbach (708 — 28, 117) records the discovery by Oldham of 
two seams, 6 ft. and 5 ft. 6 ins. thick respectively, near Amlia (24° 
2'; 82° 29'). The area of the field is said to be about 200 sq. miles. 

The average composition of two specimens obtained by Wrought on 
was: — C= 54*65: Vol. =43*35 : Ash=2*00 per cent. Analyses of 
the coal discovered by Oldham are said (1324 — 62, 4) to have given 
poor results (S. 79). 

SoHAGPUR (23° 19': 81° 25'). This is the largest of the Rewah 
•coal fields, covering an area of nearly 1,600 sq. miles. A seam near 
the junction of the Tipan stream with the Son, 30 miles to the S. E. 
of Soliagpiir, was discovered by Eranklin (616 — 6, 218) in 1830. 

Several outcrops of seams over 5 ft. in thickness were described by 
Hughes (888 — 24, 316) in 1881, and a detailed account of the field 
was published in 1885 (888 — 20, 177). Numerous outcrops, a list 
of which is given at p. 236 seq. of the memoir, were observed, but 
the number of seams that contain useful coal is not large. The most 
important is about 5 ft. in thickness, and was traced from its appear- 
ance near Bargaon (23° 11': 81° 40') for a distance of about 10 miles. 
This seam was more recently examined by Reader (1466 — 2), and 
found to vary in thickness from 13 ft. 8 ins. to 4 ft. 8 ins. An average 
analysis of 3. samples gave: — 0=57*7: Vol.=26*4: Water=3*7 : 
Ash =12 *2 per cent. Other promising seams examined were : — 

Nandnah (23° 20': 81° 32'). Three seams, 5 ft., 4 ft. 6 ins. 
and 3 ft. 6 ins. thick respectively. Traced over a large area. 
Analysis (average of 2 samples): — 0=62*69: Vol. =-25*20: Ash=, 
12*11 per cent. 

Bhalmuri (23° 11': 82° 9' 30"). Seam 7 ft. 2 ins. thick ; • exposed 
for a mile and a half. Analysis : — 0=59*6 : Vol.=28*2 : Water= 
6*7 : Ash =5 *5 per cent. 

Sabo (23° 14': 81° 39'). Seam 4 ft. 3 ins. thick. Analysis : — 
0=60*8: Vol.=21*4: Water = 1 *0 : Ash=:16*8 per cent. 

No estimate of the quantity of coal available has been made, but 
since the dip of the strata is low, there is no doubt that a very large 
.amount can be obtained within a moderate depth (S. 78). 
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Umabia (23° 32': 80° 54'). Spilsbuxy in 1840 ( 1684 — 10 , 901) 
noted the occurrence of coal on the Umrar E. near Umaria. The 
field was surveyed between 1881 and 1884 by Hughes, and at the 
same time prospecting operation»s were undertaken, the progress of 
which was noted from time to time in the Geological Survey Eeoords 
( 888 — 24 , 314 ; — 26 ; — 27 ; — 28 ). The final results were embodied in 
a memoir ( 888 — 29 , 154, 211). 

The exposed area of the field is 6 sq. miles. Seams aggregating 
20 ft. in thickness were proved over an area of 4 sq. miles, and the 
amount available in this portion of the field was estimated at 55 
million tons. Subsequent mining work has proved the existence 
of six seams, four of which, varying in thiclmess from 3 ft. to 12 ft., 
are being worked. 

The first shafts were sunk in 1884, when the output was 1,600 
tons. Fox about 20 years it steadily increased to a maximum of 
193,277 tons in 1903 ; but since then it has been subject to consi- 
derable fluctuations, owing to the opening up of coal fields more 
readily accessible to the Great Indian Peninsula Eailway, the 
principal consumer. The average annual output for the five years 
1909 to 1913 was 138,870 tons. In 1915 it amounted to 139,680 
tons. 

A representative sample from the seam originally worked yielded 
on analysis: — 0=66*71: Vol. =19*71 : Water =5 *46 : Ash=8*12 per 
cent. It is, however, said that the coal won in recent years is not 
up to this standard. Steam trials of a consignment of coal from 
the outcrop, recorded by Hughes (888 — 29 , 216), are said to have 
given very satisfactory results (S. 75). 

CENTRAL PROVINCES. 

Bctiil. — L okartalai (22° 22': 77° 30'). A band of shale exposed 
on the Moran E., containing a seam of bright coal 4 ft. thick, is 
mentioned by Medlicott (IIS'? — 22, 68). The seam contains much 
shale and iron pyrites. Borings to depths of 254, 84, and 88 ft. failed 
to find coal (S. 92). 

Shapitr (22° 12': 77° 58'). This field is situated in the valley of 
the Tawa R. between Betul and Hoshangabad. It has an exposed 
area of about 26 sq. miles. Thin seams of coal were noticed iii the 
Biiura stream by Finnis (584 — i ; — 2, 73) in 1831. About the 
year 1848, seams were discovered at Sonada (22° 16': 77° 52'), and 
Maroanpur (22° 14': 78° O'), the thickest measuring 20 ins. and 2 
ft. 6 ins. respectively (Jacob, 923 — i, 185 ; Johnston, 949 ). Samples 
of the coal tested at Bombay are said to have given good results 
(Impey, 905 — 1 , 15), and an attempt was made to transport a 
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consignment from the Sonada seam in coimtry boats down the 
Narbada to Broach ; but nearly half the coal was lost on the 
voyage, and the experiment does not appear to have been repeated 
(Hamilton, 748 — 2 ; Fenwick, 571 ). 

The outcrops were examined in 1863 by J. G. Medlicott (1199 — 3, 
154), and again in 1868 by Blanford (148—18). Although numerous 
seams were found, the thickest measured only 4 ft., and in both 
cases the opinion expressed was distinctly unfavourable. A com- 
plete survey was made by H. B. Medlicott (1197 — 38) in 1875, and 
on his advice several borings were put down. None of these, how- 
ever, succeeded in proving coal of better quality than that seen at 
the outcrop (S. 93). 

Bilaspur. — Kobba (22° 21':. 82° 46'). This field is situated in 
the valley of the Hasdo R., and covers an area of more than 300 
sq. miles. In 1870 Blanford (liS — 24) described an outcrop near 
Korba, exposing 60 ft. of coal of fair quality in a section measuring 
89 ft.; and pointed out that it would be necessary to resort to boring 
in order to prove the value of the field, the coal measures being 
almost entirely concealed by alluvium. On analysis the bulk of the 
coal was found to contain over 30 per cent, of ash. 

Another seam, 5 ft. 3 ins. thick, was afterwards found by Lala 
Hira Lai on the Aharan R. near Sum^niiA (22° 24': 82° 42'), con- 
taining only 6'8 per cent, of ash {see King, 987 — 35, 223). Borings 
were put down in 1887, but failed to prove the existence of any large 
quantity of good coal (King, 987 — 38, 198). 

Samples from a boring near the seam discovered by Lala Hira 
Lai gave the following average result on analysis: — 0=53-21 : Vol. 
=28-08 : Water=5-30 : Ash=13-41 percent. (S. M). 

Chanda. — The coal fields of the Chanda district extend along tlie 
valley of the Wardha R. for a distance of about 72 miles. The 
discovery of coal in this area is recorded by Malcolmsqn in 1834 
(1158 — 6, 341) between the Baingang (Penganga), and Wardha rivers. 
The whole of the area was surveyed by Hughes (888 — 20) in 1877, 
when the following separate coal fields were described : — 

Ballarpur (19° 51': 79° 24'). This field hes partly in the 
State of Hyderabad, west of the Wardha R. A seam of coal on 
that side, 6 ft. thick, was found by Blanford (148 — 19) in 1.868, 
Borings put down on the British side of the rivrer failed at that time 
to reach the thick seam, the thickest coal met with measuring 
only 3 ft. (Oldhamy 1326 — 55; — 6i; — 64; — 65; Pryar, 625 — 3), 
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Shortly before the abandonment of the Warora collieries below)^ 
the exploration was renewed by Government, and a seam with an 
average thickness of 40 ft. was proved over an area of 1| sq. miles. 
Two shafts were at once sunk, and production began in 1906 with 
an output of 916 tons (861, 66). The average annual produc-^ 
tion during the five years 1909 to 1913 was 88,498 tons. In 1915‘ 
it amount^ to 94,880 tons. 

The seam being worked measures 8 ft. in thickness. Samples 
from the boring cores gave the following average result on analysis 
(2 samples):— C==45*34 : . Vol.=31-09: Water=12-30* Ash=ll-27 
per cent. (S. 90). 

Bandar (20° 30': 79° 21'). The area of the coal bearing (Batakar) 
rocks is about 6' sq. miles (Hughes, 888—20, 146). No outcrops 
were seen, but seams with an aggregate thickness of 17 ft. were 
proved by borings over an area of one sq. mile. In quality the 
coal resembles that of Warora (S. 90). 

Chanda (19° 66'; 79° 22'). Several borings were put down ii\ 
1869-70 near the town of Chanda, but the thickest seam met with 
measured no more than 2 ft. None of the holes was carried to a 
greater depth than 250 ft. 

GHUOHtrs (19° 56': 79° 10'). A seam varying in thickness from 
2 to 5 ft. occurs on both sides of the Wardha R. at this locality 
(Blanford, 148 — r9). Borings put down in 1869-70 proved the 
existence of a seam with an average thickness of 30 ft. (Oldham, 
1826 — 55, 97 ; — 6l, 46), and a colliery was shortly afterwards opened. 
A description of the workings has been given by Wragge (1969 — 2), 
who estimated the thickness of workable coal at 20 ft., and the 
quantity available at about 40 million tons. 

According to Hughes (888 — 20, 32, 98), the productive area of the 
field is 3 sq. miles, and the estimated quantity available about 90 
million tons. When in full working order the colliery produced 
about 70 tons monthly, but within a few years it was closed owing 
to the more advantageous position of the Warora mines. 

Analyses of 32 samples from a boring near Ghughus gave the 
following average result : — 0=45*61 ; Vol.=33*49 : As]i=20*90 
per cent. Trials of the coal on the Great Indian Peninsula Railway 
are described by Oldham (1326 — 55, 98) as having given fairly 
satisfactory results (S. 89). 

Telwasa (20° 3': 79° 8' 30"). Borings at this locality passed 
through a seam 58 ft. 10 ins. thick at a depth of 64 ft. from the 
surface, including three beds of coal with an aggregate thickness of 
over 40 ft. (Oldham, 1326 — 60, 2). The average composition of 42 
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samples was : — 0=43*94: : Vol. — 33*15 : Ash=22*91 per cent. (Hughes. 
88 &— 20, 31). 

Warora (20° 14': 79° 4'). Coal was discovered by means of 
borings in 1870 and the following years. Two seams of 15 and 20 ft,, 
including coal averaging 12 and 15 ft. thick respectively, were passed 
through and proved over an area of 420 acres (Ness, 1288 — 1 2). 
Collieries were opened in 1873 and worked for 33 years under con- 
siderable diflS.culties, owing to an abnormally heavy water discharge, 
and the liabihty of the coal to spontaneous combustion. A serious 
subsidence of the workings in 1906 led to the closing down of the 
collieries, and the removal of the plant to BaUarpur (Simpson,. 
1640 — 7 ). Full details of the working of the mines have been given, 
by Bunning ( 231 ) and Clarke ( 328 , 187). 

Hughes (888 — 20, 23) in 1877 estimated the area of the field at 
8 sq. miles, and the total quantity of coal available at 20 million 
tons. The average annual output, during the five years immedi- 
ately preceding the abandonment, was 132,953 tons. The total 
amount raised during the working of the colliery was about 3 million 
tons. 

The coal is friable and inferior in quality to that of Raniganj,, 
containing a high proportion of moisture and of sulphur in the form 
of pyrites. The average composition of 2 samples from the original 
borings was :—C= 43*80 : Vol. =29*33 : Water— 11*72 ; Sulphur= 
1*55 : A8h=13*60 per cent. *(S. 88). 

Chhindwara,— The Chhindwara coal fields are situated on the 
southern flanks of the Satpura range in the valleys of the Tawa, 
Kanhan, and Pench rivers, covering an area of about 100 sq. miles. 
Thin seams of coal were discovered in 1852 by Jerdon and Sankey 
( 1555 — 1 ) at Barkoi (22° 11': 78° 4G'), and were mentioned in 1855 
by Hislop (842 — 3 , 556). The geology of the coal measures was 
described in 1867 by Sopwith ( 1676 ), who recognised three groups 
of strata : — 

Upper, — Thick beds of sandstone with thin layers of shale and 
coal. 

Middle, — Compact sandstones and shales with workable coal 
seams, 13, 14, and 12 ft. thick respectively. 

Lower, — Green and grey shales, etc., with many thin seams of 
coal. 

In 1866 the Pench valley area was examined by Blanford (148 
— 13 ; — 71 ), who has given details of eleven outcrops showing seams 
of good coal, varying from 3 to 12 ft. in thickness. Lastly, the 
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whole area was surveyed by Jones (952 — 3) in 1887, when five 
separate fields were distinguished : — 

Babkoi (22° 11': 78° 46'), or Penoh valley. Area 7*4 sq. miles. 
One seam of good coal at "least occurs, with an average thickness of 
5 ft. Quarries were opened in the outcrop about the year 1862 ; but 
owing to difficulties of transport the workings were abandoned, and no 
further development took pla^^e till 1905, when collieries were opened 
at Chandametta and Barkoi. The method of working the coal has 
been described by Ditmas ( 488 ). Three workable seams have been 
proved, measuring 9|-, 5, and 5 fb. thick respectively. The quantity 
of coal available is stated to be not less than 100 million tons. The 
average annual output for the five years 1909 to 1913 was 84,686 
tons. In 1915 the output amounted to 103,152 tons. 

Analysis (average of 3 samples) : — C=53‘5 : Vol.=22-8 : Ash= 
23*6 per cent. 

Hingladevi (22° 10': 78° 44'). Area 2*8 sq. miles. One seam, 
varying in thickness from 2 to 5 ft., is exposed. The coal is said to 
be of good quality. 

Kanhan E. Area 12 sq. miles. Several seams from 5 to 10 ft. 
thick are exposed. A sample from an outcrop at Datla (22° 11' 30": 
78° 38') yielded on analysis: — 0=48*58: Vol. =28*36 : Water=5*34 : 
A8h= 17*72 per cent. Samples from other seams contained over 40 
per cent, of ash. 

SiRGOBA (22° 12': 78° 57'). Area 1*1 sq. miles. A seam found 
in sinking a well measured at least 5 ft. in thickness. Analysis : — 
0=61*6 : Vol. =28*0 : Ash=10*4 per cent. 

Tawa K. (22° 14' : 78° O'). This field lies partly in the Betiil 
district, covering an area of about 79 sq. miles. Outcrops are 
not numerous, but seams measuring 7 to 11 ft. in thickness were 
found. Analysis (average of 2 samples): — 0=51*90 : Vol.=26*20 : 
Water=3*05 : Ash=18*85 per cent. (S. 94). 

JliilmiUL — Jhilmilli (23° 24': 82° 55'). This field has hitherto 
been only cursorily examined (Hughes, 888 — 29, 205). The area is 
about 41 sq. miles. Outcrops of five seams were found along the 
Manikmara stream. The coal is of poor quality in all but one, 
of which only 16 ins. is exposed. A sample of this coal yielded on 
analysis: — 0=60*6: Vol. = 33*8 : Ash=5*6 per cent. (S, 80). 

Jubbiilporc. — Lameta Ghat (23° 6': 79° 53'). A discovery of 
coal at this locality was reported by Spilsbury (1684 — 6) in 1839. 
According to Mallet (1159 — 62, 146) the seam is nearly 3 ft. thick, 
of which 2 ft, 3 ins. is coal. The quality is very poor, a picked 
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sample 3 H[elding : — 0=37*28 : Vol.=30*28 : Water=12*28 : Asli= 

20*16 per cent. It was being quarried to supply brick-burning 
works at Jubbulpore. The beds in which the coal occurs are of 
upper Gondwana age (S. 87), 

Korea. — In his memoir on the coal fields of 8. Rewah, Hughes 
(888 — 29, 202, 204) briefly described two areas of Gondwana rocks 
to which the names Kurasia and Koreagarh were given ; and at 
p. 196 seq. a number of outcrops in that portion of the great Sohagpur 
field which extends eastwards into the valley of the Hasdo (Hestho) 
R. in Korea State (S. 83). 

The coal resources of the State have recently (1914) been investi- 
gated by Fermor (577 — 46 , 171), who has distinguished four separate 
fields : — 

Jhagrakhand (23° 11': 82° 15'). A portion of the Sohagpur 
field, 22 sq. miles in area, projecting into the Korea State. A 
continuation of the Bhalmuri seam in that field was found in the 
Jhagrakhand and Neori streams, with a thickness of 5 ft. to G ft. 
4 ins. The quality of the coal is said to be good (Hughes, 888 — 20. 
198). 

Koreagarh (23° 8': 82° 32'). Area about 6 sq. miles. In the 
course of a hurried examination by Lala Hira Lai, four seams of 
a few inches- thick were discovered (Hughes, 888 — -29, 204). Throe 
outcrops from 3 to 5 ft. in thickness have since been found (Fermor, 
577—46, 211). 

Kurasia (23° 13': 82° 27'). Area about 48 sq. miles. Two 
groups of outcrops were examined by Fermor (577 — 46 , 195) : — 

Kurasia group. — Coal was found at six horizons. The principal 
seam,. No. 4, ranges from a foot to 8 ft. G ins. in thickness, and pro- 
bably extends over an area of 4 sq. miles. Tlie estimated yield 
would be about 5|- million tons per sq. mile. Analysis (average 
of 6 samples) : — C=48*86 : Vol.=30*92 : Water=8*G6 : Ash=ll*56 
per cent. 

Chirmiri group. — Seven seams of an aggregate tliickness of 
36 ft. were measured. C^oal of an average thickness of 10 ft. possibly 
extends over an area of 2 sq. miles. The estimated yield would bo 
about 11 million Ions per sq. mile. Analysis (average of 10 samples): 
— C=51'2 : Vol.=29T : Water=7*7 : Ash=12'0 per cent. 

SAmiAT (23° 29': 82° 35'). Area about 330 sq. miles. Two 
seams of workable value have been found. Of these the lower is 
worthless in the western half of the field, but thickens eastwards to 
between 4 and 9 ft. The upper seam thickens in the opposite 
direction, varying from 3 ft. 6 ins. to 9 ft. in the western portion of 
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the field. Analyses — ^Lower seam (average of 3 samples) : — C= 
44-80 : Vol.=28-22 : Water=5-79 : Ash=21-19 per cent. Upper 

seam (average of 5 samples) 0=44-00 : Vol.=24-00 : Water=4-19 : 
Ash=27-81 per cent. 

Narsiuglipur.— M ohpani (22° 46': 78° 54'). The discovery of a 
seam of coal, said to be 14 ft. thick, was reported by Ouseley in 1835 
(1349 — 2). Descriptions of the outcrops of three seams were sub- 
sequently given by Jacob (923 — 2, 46, 140), J. G. Medlicott ( 1199 — 
1 ), and Blackwell ( 139 , 18), whose estimates of their thickness 
differed' in some degree ; but in his memoir on the central Narbada 
valley, J. G. Medlicott (1199 — 3, 169) gave a section showing four 
seams measuring 10, 2|, 5, and 4 ft. respectively. 

In 1870 the structure of the field was described by H. B. Medlicott 
(1197 — 21). At that time mining operations had been in progress 
for about 8 years, and the aggregate thickness of coal was found to be 
about 25 ft. The area actually proved did not exceed one sq. mile. 
For many years repeated efforts were made to reach the coal outside 
this hmit by means of borings, but met with little success (Medlicott, 
1197 — 61). The worldng of the colhery was always precarious, 
with the lower seams permanently on fire, and a heavy influx of 
water from above through fissures in the bed of the Sitariva E., 
beneath which the galleries of the mine were situated. In 1902 
the colliery was abandoned. The total amount of coal won, since 
the colliery was opened in 1862, was 450,845 tons. 

A fortunate discovery in 1892 by Messrs. F. L. G. Simpson, the 
manager of the colliery, and La Touche, of fossil plants in the out- 
crop of a band of sandstone which had hitherto been considered to lie 
below the coal horizon, situated about 2 miles to the west of Mohpani, 
led to the sinking of a borehole which passed through coal at no great 
depth from the surface (see King, 987—49, 3). Fiu-ther exploration 
has proved the existence of seams with an aggregate thickness of 
27 ft. over a considerable area. This field is now being worked by 
the Great Indian Peninsula Railway Co., which purchased the 
undertaldng from the Narbada Coal and Iron Co. in 1904. 'The 
average annual output for the five years 1909 to 1913 was 54,776 
tons. In 1915 it amounted to 55,086 tons. 

Recent analyses of the coal give the following average composi- 
tion : — C=48-71 : Vol. =24-26 : Water=2-52 : Sulphur=0-50 : Ash= 
24-01 per cent. (S. 92). 

Baigarh — Rampur (21° 48': 84° O'). This coal field lies partly 
in the province of Bihar and Orissa, the town of Rampur, from 
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which it takes its name, being situated in the district of Sambalpur. 
The existence of coal appears to have been first made known b^ 
Saxton (1564 — l) in 1855, when he obtained specimens from a seam 
exposed on the Ib E., which forms the eastern boundary of the* 
field. 

In 1871, and again in 1875, portions were described by Ball’ 
(71 — 13; — 21) as the Eaigarh-Hingir field. The western bounda- 
ries are ill defined, but the area is said to be about 400 sq. miles. 
Since the rocks are only slightly disturbed, outcrops are not numerous, 
and the seams that were observed consist mainly of carbonaceous 
shale with layers of coal seldom exceeding a few inches in thickness. 
Systematic exploration by means of borings was undertaken between 
the years 1884 and 1886, under the superintendence of Dr. King 
(987 — 30 ; — 32, 196 ; — 35), but the samples obtained gave a uni- 
formly poor result on analysis, none of them containing less than. 
30 per cent, of ash. They were, in fact, less favourable than some 
of the specimens collected from the outcrop. 

Interest in this field was revived in 1891, when a seam of coal 
of fair quality, 1 ft. thick, was passed through in sinking the founda- 
tions of the Ib river bridge on the Bengal-Nagpur Kailway (King, 
987 — 46, 2). A fresh survey of the eastern portion of the field was* 
then made by Eeader (1466 — 1 ; — 3). Four seams varying in thick- 
ness from 4 to 8 ft. were proved by boring ; but with the exception of 
the Ib bridge seam, all contained more than 30 per cent, of ash. 
Further exploration was recommended in order to prove the extent 
of this seam, as well as the lowest beds of the Barakar group, which 
had not been tested by the borings. 

A colliery was established here in 1909. The annual output has- 
increased from 830 tons in the first year of working to 60,883 tons 
in 1914 and 58,825 tons in 1915. The average composition of 2 
samples from the Ib bridge seam is : — C=53’6 : Vol.==22*C : Water— 
8*5 : Ash=15-3 per cent. (S. 85). 

8argujii. — Bisrampur (23° 7': 83° 15'). Surveyed by Ball (71— 
15) in 1873.. The coal measures are exposed over an area of 
about 400 sq. miles. Many outcrops of thin seams were described, 
and the field is said to contain a fair abundance of good coal, but 
borings are required to prove the extent and continuity of the seams. 
The following analyses are given : — 

Rer and Pasano rivers (2 samples): — C=57*0 : Vol.=37*6: 
Ash=5*4 per cent. 

Mahan and Masan rivers (3 samples) : — C=48*l : Vol.=32*3 : Ash 
=^19*6 per cent. (S. 81). 
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Lakhanpur (22° 59': 83° 6'). Ball surveyed a portion of this 
field, 50 sq. miles in area, in 1882 (71 — 53 ), and found only one 
promising seam of coal, 5 ft. 6 ins. thick, at Kutkona (23° 3': 83° 6') 
on the Chandtiai E. According to Lala Hira Lai (MS. report, 1885-87), 
the total area is 340 sq. miles. Several outcrops of coal from 3 to 
9 ft. thick were found . A sample from a seam 5 ft. 6 ins. thick on 
the Atem stream near Parsa (22° 51': 82° 52') yielded on analysis : — 
C=50*90 : Vol.=28*70 : Water==7*50 : Ash==12*90 per cent. (S. 81). 

Eamkola-Tatapani (23° 39': 83° 3')— (23° 41': 83° 43'). A 
discovery of coal by Franklin at Manpxjr (23° 43': 83° 27') on the 
Morne E. is recorded in 1830 (616 — 6, 218). The two fields, which 
lie within a few miles of each other, and are no doubt connected 
beneath a tract of upper Gondwana (Mahadeva) rocks, were surveyed 
in 1878-79 by Griesbach (708 — l). The total area is about 800 sq. 
miles, but the exposed area of coal measures is about 100 sq. miles. 
Three groups of seams were met with, mostly confined to the middle 
of the Barakars, though few of them were of workable thickness and 
quality. The largest and best seam occurs on the Morne E., where 
it is 7 ft. 9 ins. thick ; but it thins out to the westward to 3 ft. 
6 ins. The quantity of coal available was not estimated, nor have 
any analyses been made (S. 80). 

Eampur (22° 35': 83° 16'). A cursory examination made in 
1882 by Ball (71 — 53 , 110) revealed the existence of only one seam 
of rather stony coal, 4 ft. 6 ins. thick. Lala Hira Lai (MS. report, 
1886-87) estimated the total area at 70 sq. miles, and found numerous 
outcrops varying from 2 to 7 ft. thick. One seam of 5 ft., exposed 
in a tributary of the Dhamgora E., is said to have contained less 
than 4 per cent, of ash (S. 83). 

In addition to the fields mentioned above, the following have 
been described by Lala Hira Lai in unpublished MS. reports, 1885-89 : — 

Bansar (23° 7': 83° 21'). Area about 10 sq. miles. One seam 
measuring 12 ins. was found. 

Damhamunda (22° 56' 30": 82° 33'). Area 4| sq. miles. Coal poor 
and seams thin. 

Panohbhaini (23° 11': 82° 55'). Area about 4-| sq. miles. 
Several seams of good quality occur, varying from 18 ins. to over 
3 ft. in thickness. 

Sendurgar (22° 49': 82° 26'). Ai'ea about 20 sq. miles. Seams 
of 10 ft. and 4 ft, occur, yielding respectively on analysis : — 0= 50*20 : 
Vol.=20*20 : Water=6*50 : Ash=23*10 ; and C=54*40 : Vol.=30*74 : 
Water=8*46 : Ash=6*40 per cent, (S. 81-83). 

Udaipur. — Mand E. (22° 15': 83° 15'). The existence of several 
seams, one of them 20 ft. thick, on the Mand E. was recorded by 
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Blanford (148 — 25 ) in 1870, and others were described by Ball 
(71 — 53 , 112) in 1882. In all of these coal of good quality occurred 
only in thin layers. A number of boreholes put down under the 
superintendence of Dr. King (987 — 35 , 222 ; — 38 ) failed to detect the 
presence of coal containing less than 30 per cent, of ash. The area 
of the field is abo'ut 300 sq. miles (S. 85). 

Ycotmal. — ^W un (20^ 3': 79° 1'). This coal field belongs to the 
Wardha valley group, mentioned above under Chanda. In 1870, 
on the evidence of borings, Oldham {see Lyall, 1107 , 25) estimated 
the average workable thickness of coal at 20 ft., over an area of 40 
sq. miles, giving a total quantity available of 480 million tons. 
Further exploration enabled Hughes (888 — 20, 38) to increase the 
estimate of the total quantity to 2,100 million tons, of which he 
considered that 255 million tons would be available within a depth of 
500 ft. The probably productive coal area was found to bo about 
80 sq. miles. 

An experimental shaft was sunk at Pisoaon (20° 9': 78° 53') in 
1873, and a certain amount of coal raised for trial ; but operations 
were suspended on the opening of the Warora colliery. The average 
composition of 2 samples of this coal was: — 0=64*0: Vol.=19*4 : 
Ash=16*6 per cent. (S. 89). 


HYDERABAD. 

Adilabad. — Aksapue (19° 21': 79° 28'). A small tract of Barakar 
rocks, exposed on the Jangaon R., was noted by King (987 — 23 , 180). 
No coal has been found (S. 100). 

Antaeoaon (19° 32' 30": 79° 33'). A seam 6 ft. thick, including 
9 ins. of shale, was found by Hughes (888 — 20, 63) a little S. of 
Lathi Ghat on the Wardha. R. An outcrop of probably the same 
seam, 5 ft. thick, was found at Kondai-ka-pahae. Analysis : — 
0=51*26 : Vol.=28*25 : Asli=20*49 pe rcent. (S. 100). 

Ohinur (18° 52': 79° 52'). In 1844 Newbold (1294—35) noted 
the occurrence of coal on the Pranhita E. at Kota (18° 5)4' : 
80° 2'). Borings were put down at the spot between the years 
1852 and 1857 (Bell, 101—1 2 ; Wall, 1875—1 ; Walker, 1874 ; 
1868 — 6), and a seam 2 ft. C ins. thick was mot with at a depth 
of 29 ft., but no useful coal was found. 

Huglics in 1878 (888 — 22 , 21) discovered that the coal measures 
occupy a narrow strip of country between Ohinur and Sandeapali 
(18° 47': 79° 56'). No outcrops of coal were detected, but large frag- 
ments were found in the bed of the Godavari near the mouth of the 
Sandrapali stream (S. 99). 
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Sasti (19° 49': 79° 23'). This field is a continuation, on the 
west side of the Wardha R., of the Ballarpur field in the Chanda 
‘district, Central Provinces. Large numbers of borings were put 
rdown between the years 1871 and 1874, and coal with an average 
thickness of 40 ft, was proved over an area of IJ sq. mile. Hughes 
(888 — 20, 54, 99) estimated the total amount available at 30 million 
tons (S. 90,100). 

Tandur (19° 9': 79° 30'). This village lies near the centre of a 
narrow belt of Barakar rocks extending from Khairgura (19° 14' : 
79° 26') to Aksapali (19° 1': 79° 35'). A seam of coal, 15 ft. thick 
:at Khairgura, was traced by Hughes (888 — 22, 20) for a distance of 7 
miles to the S. E., decreasing in thickness to 9 ft. A sample from 
Khairgura yielded on analysis: — C=45-6 : Vol.=32-8: Water=9-4 : 
Ash=12‘2 per cent. (S. 100). 

WaraugaL — Bandalla (18° 6': -80° 20'). A descripfcion of an 
outcrop of coal, 6 ft. thick, discovered by Heenan on the Kumersani 
R., is quoted by King (987 — 23 , 184). Ten years previously, in 
1871, Blanford (148 — 29 ) had noted the occurrence of fragments 
•of coal in the same river at Alapalli (17° 50': 80° 32'),. which may 
have been derived from an outcrop of this seam (S. 99). 

Kamaram: (18° 15': 80° 22' 30"). Described by King (987—8, 50). 
The area is about 156 acres. Two seams of good coal occur, 6 ft. 
and 9 ft. thick respectively. The quantity available is estimated 
at about 1,130,000 tons (S. 99). 

Kunnigiri (17° 21': 80° 40'), or Chandragunda. King (987—23, 
194) mentions a small patch of Barakar rocks here. No coal was 
found (S. 96). 

Lingalla (18° O': 80° 54'). Blanford (148—28) records the 
discovery by Mr. Vanstavern of a coal seam, 5 ft. thick, in the bed 
■ of the Godavari at this locality, and of two thinner seams in tlie 
hanks. On the British side of the river a seam of good coal, 6 ft. 
thick, was struck in an experimental pit at 11 ft. from the surface, 
.and 70 tons of coal were raised (S, 97). 

Mabavaram (17° 28' 30": 81° 16). This field is traversed by the 
Godavari R., and covers an area of about 24 sq. miles. A portion 
was tested by borings in 1871 under Blanford s supervision (148 — 28 , 
60), when several thin seams were passed through. The quantity 
proved was not more than 25,000 tons. On the Hyderabad side 
of the river three seams, of which two measured 4 and 6 ft. res- 
pectively, were subsequently (1874.) found by boring (King, 987 — 23 , 
193). 
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More recently (1891-95) a trial pit was sunk at Eajahzompalli, 
on the British side of the river, and a seam, 5 ft. 6 ins. thick, of good 
-coal was struck. About 3,500 tons of coal were taken out, but the 
enterprise was then abandoned (S. 96). 

SiNOAEENi (17° 31': 80° 19' 30"). In 1872 the outcrop of a seam of 
coal, of which not more than 2 ft. was exposed, was discovered by 
King (987 — 9 ; — 28) in the bed of the Yellindallapai) stream, 
Rbout 7 . miles to the N. E. of Singareni. The area covered by 
Barakar rocks in the neighbourhood was found to be about 9 sq. 
miles. Subsequent exploration by means of borings revealed the 
-existence of four seams, measuring from above downwards 30 to 40 ft., 
6 ft. 6 ins., 4 ft. 6 ins. and 3 ft. 9 ins. to 7 ft. in thickness respectively. 
Only the lowest of these, known as the King seam, has hitherto 
been worked. 

Various estimates have been made of the amount of coal contained 
in this seam, the latest (1894) by Saise (1545 — 2) giving it as 36 
million tons. Some part of the upper, or thick seam, is also said 
to be workable. 

The average annual output of* the colliery which was opened in 
1886, during the five years 1909 to 1913, was 497,646 tons.' In 
1915 it amounted to 586,824 tons. Full details of the working of 
the oolhery have been given by Kirkup (991 — 1). 

The following analyses of the coal have been made : — 

Thick seam : — 0=52*5 : Vol.=34*5 : Ash=13-0 per cent. 

King seam : — 0=56*50 ; Vol.=26’26 : ■W‘ater=7’60 : Ash= 

10*65 per cent. (S, 97). 

KASHMIR. 

laniiuu. — The coal bearing rocks of this district are exposed 
along the flanks of a series of detached dome-shaped folds whose 
crests have been removed by denudation, and thus^ occupy a number 
of elliptical areas, or inliers, surrounded on all sides by higher beds. 
The coal seams are associated with nummuhtic limestones and are 
of lower Tertiary age. In all cases they have been subjected 
to great disturbance, and the coal is consequently in a crushed and 
friable condition. The following areas have been described : — 

Dandli (33° 32': 74° 2'). The occurrence of coal on the Bench 
R. at this locality was reported by Medlicott (1197 — 15, 122) in 
1868. A number of outcrops were examined by Wright ( 1972 — 2 ) 
in 1906. Two main seams occur, but are very irregular, and 
•seldom exceed a few inches in thickness. The quality of the 
coal is poor. 

Kalakot (33° 14': 74° 27). Coal is found in a continuous seam 
^surrounding an inlier of limestone about 4 miles in length. Some 
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of the coal is of fair quality, but it never remains constant in thick- 
ness for more than a few feet of outcrop. Omitting coal with more 
than 30 per cent, of ash, the average composition of 5 samples was : 
— 0=70*15 : Vol.=ll*55: Water=2*72 : Ash=15*58 per cent. 

(Simpson, 1640 — 3 , 220). 

Ladda (33° V: 75° 6'). This field was thoroughly prospected in 
1902-03, when the question of utihsing the coal in connection 
with proposed railway extension in Kashmir was discussed (Simpson, 
1640 -— 3). . The thickness of the single seam exposed varies greatly, 
but it was considered that portions of it, with an average thickness 
of 2 ft. 7 ins., might be worked over a length of outcrop of about 6 
miles at the eastern end of the field. A provisional estimate by 
Simpson (I. c., 246) showed that the probable amount of coal avail- 
able might be If million tons, and that in addition about 2 million 
tons might prove to be workable. 

Numerous analyses of the coal were made, but in the 
majority of the samples the proportion of ash was well over 30 per 
cent. The average composition of 6 samples containing less than 
this percentage of ash was : — 0=69*74 : Vol.=12*42 : Water=l*03 : 
Ash=16*81 per cent. The proportion of sulphur is high, amounting 
in some cases to over 5 per cent. 

Lodhra (33° 10': 75° 9'). In this area, lying about 10 miles to 
the N. of the Ladda field, nothing but carbonaceous shale was found, 
containing in most cases more than 40 per cent, of ash. 

Mehowgala (33° 13': 74° 33'). Coal occurs at two horizons 
separated by about 20 ft. of shale. The upper seam does not exceed 
*2 ft. in thickness; while in the lower seam the coal occurs in lenti- 
cular beds of no great extent (La Touche, 1034 — 9 , 68). The average 
composition of 6 samples collected by Simpson in the course of 
prospecting operations (1640 — 3 , 216) was : — C=71*60 : Vol.=14*7C : 
Water=3*78 : Ash=9*86 per cent. 

Sang-ar Marg (33° 12': 74° 41'). This field hes at the western 
extremity of the Ladda inlier, and is connected with that coal field 
across the deep valley of the Chenab, which cuts through the centre 
of the inlier, by a continuous band of the coal measure rocks, 
exposed along the northern flanks of the elevated zone (Simpson, 
1640 — 3 , 210). The coal measures are twice brought to the surface 
by undulations of the strata, ‘so that a greater length of out- 
crop than usual is exposed. Occasionally two scams are present, 
but only the lower is of importance, and the thickness of this seldom 
remains constant for more than a few feet (La Touche, 1034 — 9 ). It 
sometimes reaches a thickness of 7 ft. 6 ins., but is more usually 
about 2 ft. The majority of the samples collected by Simpson in 
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the course of prospecting operations contained more than 30 per 
cent, of ash. The average composition of the- 3 best samples was : — 
C=77-37 : Vol.=13*33 : Water=l-24 : Ash=8*06 per cent. One 
of these samples contained 4*29 per cent, of sulphur. 

SiRO VALLEY (33° 12': 74° 32'). This is a small elliptical inlier 
situated about a mile to the W. of the Mehowgala field. The 
thickness of the seam appears to be rather more constant than 
usual. Assuming a thickness of 2 ft. over a length of outcrop of 
6 miles, .Simpson (1640 — 3, 250) estimated the quantity that might 
be extracted at about 750,000 tons. Only one of the samples 
analysed contained as much as 40 per cent, of ash. The average 
composition of the remaining 6 samples was : — 0=66-84: Vol.= 
11-61 : Water=M9 : Ash=20-36 per cent. (S. 100). 

MADRAS. 

OodavarL — B eddadanol (17° 14' 30": 81° 17'). The existence of a 
small area of Barakar rocks here was noted by Blanford during a 
survey of the lower Godavari valley in 1871 (148 — 30, 24). In 
the following year, and again in 1873, it was examined by King 
(987 — 10; — 11), who found that the exposed area was about SJ sq. 
miles. No coal seams were visible at the surface, but a number 
of borings subsequently put down passed through four seams of coal 
and carbonaceous shale, one of which was 4 ft. 6 ins. thick (King, 
987 — 12, 159; — U; — 23, 179;^ — 27). The quality of the coal was 
exceedingly poor, An average sample containing : — 0=16*4 : Vol.= 
30*6 : Ash=53 per cent.; while picked fragments yielded : — 0=37*0 : 
Vol.=37*8 : Ash=25-2 percent. (S. 107). 

Damercherla (17° 36': 81° 8') and Linoalla (18° O': 80° 64'). 
See HYDERABAD -Warangal-MADAVARAM. 

Reported discoveries of coal in other parts of Madras and southern 
India have recently been discussed by Simpson (1640 — 10, 102-106). 
With the possible exception of certain beds noticed below under 
the heading LIGNITE, none of these occurrences is of any economic 
value. 


NORTH-WEST FRONTIER PROVINCE. 

Hazara. — ^D ore R. (34° 9': 73° 22'). Outcrops of coaly shale 
beneath nummulitic limestone, near the point where the road from 
Murree to Abbotabad crosses the Dore R., were noticed by Wynne 
(1975—25, 210) in 1879. According to Middlemiss (1219—13; — 17, 
287), the coal occurs along the axis of a compressed and dislocated 
overfold, and has been so sheared and crushed that its continuity 
cannot be depended upon. It varies greatly in thickness, reaching 
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17 ft. in one place. The quality is very poor, average samples 
containing over 40 per cent, of ash. About 260 tons have been 
extracted and used for lime and brick burning in Abbotabad (S. 112). 

Kohat.— Burnes (235 — 7) in 1833 reported the discovery of a 
bed of carbonaceous shale near Kohat (33° 35': 71° 30'). Specimens 
when analysed were found to contain only 6'2 per cent, of fixed 
carbon, and6 6-8 per cent, of ash. 

Wynne (1975 — 16, 294) mentions the discovery by a native 
offi-Qer of coal at a locality which may be either Dhand (33° 14': 71° 
26') or Shin Dhand (33° 33': 71° 41'). From its description and 
mode of occurrence he considered that it might be lignite, derived 
either from a pocket in upper Tertiary sandstones, or from a layer 
in the alum shale zone. 

Sheraiii Hills. — Reports of the occurrence of coal near Moghal 
Kot (31° 28': 70° 9') were found by -La Touche (1034 — 20, 95) to 
refer merely to thin strings of carbonaceous matter in lower Tertiary 
beds (S. 108). 

Waziristau. — Agha Abbas (15, 588) mentions an occurrence of 
coal beyond the Fir Karal, a hill to the N. W. of Kaniguram 
(32° 31': 69° 51'). 

PUNJAB. 

Attock. — Choi (33° 44': 72° 16' 30"). A lenticular bed of bright 
coal, occurring in the nummulitic limestone of tire Chita range S. 
of Attock, was noted by Wynne (1975—17, 114) in 1877. Several 
borings and trial pits sunk by Scott (1600) in 1884 showed that no 
continuous seam of coal exists, and that the quality is poor (S. 112). 

(Salt Bauge) } . — ^The earliest connected accounts of the coal de- 
posits of the Punjab Salt Range were pubhshed between the years 
1848 and 1853 by Fleming (591 — l, 509 ; — 3, 661 ; — 5, 340), who 
described the mode of occurrence and the distribution and quality 
of the coal at nine localities. Tlfis list was supplemented in 1868 
by one drawn up by Dr. Oldham (1526 — 49), in which thirteen 
localities are mentioned. At several of these places, — K hbwea, 
Nila, Karitli, Nueptje,. Dehiwal, Chamil, and Sanoliwan, the 
coal was so thin and poor in quality that it was considered to be 
useless ; while at Sawakhan, Katha, and Amb it occurred in slipped 
masses of no great extent. 
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The coal occurs at a single horizon in a band of shales and sand- 
:Stone underlying the scarp of nummulitic (Eocene) limestone which 
•extends along the crest of the range from east to west. It does not 
form a continuous seam, but is found in lenticular beds separated 
by wide intervals of barren ground (Wynne, 1975 — is, 105, 293). 
^Mining in all cases is carried on by means of adits or inclines driven 
""from the outcrop. The following areas have been worked : — 

Bhaoanwala (32° 43': 73° 19' 30'"). The coal seam here can be 
traced for about a mile along the scarp, and indications of its pre- 
sence have been found over an area of about 7 sq. miles. In places 
it reaches a thickness of 5 or 7 ft., but for considerable lengths of 
•outcrop it may disappear entirely. As a result of prospecting 
operations in 1893, La Touche (1034 — 22), estimated that the 
■existence of about 88,000 tons of coal might be taken as proved, 
and that the total quantity available might amount to nearly a 
million tons. The coal had then been mined by local contractors 
since 1877, and about 2,000 tons had been extracted. In 1893 the 
North-Western Eailway Company took over the mines, but aban- 
doned them seven years later owing to deterioration in the quality 
of the coal. The maximum output was 13,145 tons in 1897 (S. 109). 

A saiiiple of the coal from the outcrop, collected by Fleming, 
yielded on analysis : — C=41*36 : Vol.=40'64 : Asli=18*00 per cent, 

Dandot (32° 39': 73° 1'). The scam exposed here was consi- 
dered by Fleming to be of no importance/' but it is nevertheless 
the only locality in the Salt Eangc where exploitation on a large scale 
has been found practicable. Mining has been carried on for many 
years. About 1,900 tons are said to have been raised here and at 
PiDH {see below) between the years 1863 and 1867 (Wynne, 1975— 
18, 294). The mines were worked by the North-Western Eailway 
Company from 1884 to 1912, when they were handed over to local 
■contractors. The working of the colliery had always been attended 
with much difficulty, owing to the unstable character of the shales 
forming the roof and floor of the seam, and the liability of the coal 
to spontaneous combustion. The average thickness of the seam is 
not more than 2 ft. A description of the method of working the 
colliery was given by Clarke (323) in 1901. 

In 1887 E. D. Oldham (MS. Eeport) estimated the area of the 
field at 2 sq. miles, and the quantity of coal available at about 2 
million tons. An attempt to discover whether coal of a workable 
thickness extends beneath the plateau to the north of the colliery 
met with no success, though the horizon of the coal seam was reached 
in two borings (Hayden, 793 — 26, 73). The combined output of the 
Handot and Pidh collieries reached a maximum of 81,218 tons in 
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1899:,: but during the fiv:e years preceding the closing of the mines 
the annual average fell to 45,386 tons. 

! The I following analysis of the coal has been made :^C=47!*17 : 
VoL:;=36*81 ; ■Water?=6-13 : Ash=:9*89 per cent. ,(S. 110). * , 

PiDH (32® 41': 73® 2'). The coal here is about 3 ft. thick at the 
outcrop, and the seam dips at a high angle to the north (Oldham, 
1326 — 49). Mining was carried on by the Noi^th-Western Eailway 
Company for, the same , period as at Dandot, and under similar 
conditions- ' 

; -During the three years that the mines have been under , native 
management; the average annual output of coal from the Jhelum 
district has amounted to 47,878 tons. 

Mianwali.— Isa Khel (32® 41': 71® 20'). Specimens of coal 
collected by ,3urnes (235 — 17, 112) near Kalabaob:, and for- 
warded to Calcutta, w:ere pronounced by Prinsep (1436—32) to be 
of excellent quality. Jameson, however, who examined the deposits 
in 1842 (931 — 2 ; — 3, 207) gave a very unfavourable report on their 
extent and quality. The coal then, and for some years afterwards, 
was being used to a certain extent on the Indus Flotilla steamers 
(Fleming, 591 — l, 516 ; — 6, 272 ; ^ and VerchSre, 1839 — 1, 44). 

The field was visited in 1864 by Oldham ( 1326 — 49 ), who recog- 
nised that two distinct carbonaceous horizons are exposed, the 
lower of Jurassic, and the upper of Tertiary age. He thought that 
about 1,600 tons of fuel might be obtained from the Jurassic deposits 
near Kalabagh, but condemned the remaining seams examined 
as worthless, an opinion afterwards endorsed by Wynne (1975 — 28 , 
305). 

In 1904 a detailed survey of the ground was made by Simpson 
1649 — 4 ). Three separate areas were distinguished: — 

Kalabagh (32® 58': ,71® 37'), Jurassic. Bright jetty coal occurs 
in discontinuous layers at three horizons over a length of outcrop of 
760 ft. About, 16,500 tons might be obtained above free drainage 
level. Analysis of a representative sample gave: — C=42'29 : VoL 
=i24‘16 : Water=r=4*04 : Sulphur=4*39 : Ash=25-12 per cent. 

Kuch (33® 1': 71® 35'); Jurassic. Two seams, 16 and 12 ins. 
thick' respectively, are exposed over a length of outcrop of about 
500 ft; About 14,000 tons, of fuel might be obtained here. Analysis : 
^C=46‘12 : . Vol.=22:’74; Water= 10*19 : .Sulphur=2*35 : Ash= 
18'60 per cent. i 

Malla Ejbcel (32® 56': 71° 13' 30"),. Tertiary, A seam -with an 
average thickness of 2, ft. 3 ins. was traced for a distance, of 6^, miles 
along the flanks of therMaidan range. The quantity that might be 
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extracted above free drainage level was estimated at about 493,000 
tons. The average composition of 21 samples was:— C=40 0: Vol. 
—3^0 : Water:=9-0 : Sulphur=4 0 : Ash=10-0 per cent. (S. 111). 

Dimng the years 1907 to 1912 this field produced 7,518 tons of 
coal. In 1915 the output was 2^029 tons. 

Shahnur I - ^ . 

(Salt Range)/' — K ot (32° 34': 72° 28') and Tejuwala 

(32° . 36': 72° 30'). The coal occurs under the same conditions 
as at Dandot, etc., in the Jhelum district. The average ' tbinlmftHa 
of the seam is about 3 ft., but it varies considerably witl^in short 
distances. The mines are worked by local contractors, and the 
output is subject to large fluctuations. In 1906 it was 15,671 
tons ; but the average amount raised annually during the five years 
1909 to 1913 was not more than 2,650 tons. The output in 1916 
was 4,269 tons. 

The following analyses have been made : — J hakar Kot. C= 
46'60 : Vol.=36‘66 : 'W’ater=7'60 : Ash=10'24 per cent. Tejuwala. 
0=37-31 : Vol.=31-01 : Water=5-08 : Ash=26-60 per cent. (861, 

70). . . ' ’ 

RAJPUTANA. 

The existence of a glacial boulder bed at Bap (27° 22': 72° 26') 
in Jodhpur territory, recognised by R. D. Oldham as of Talcher age, 
arid of upper Gondwana rooks further to the west in Jaisahper, has 
suggested the possibility that the coal-bearing Damudas might bo 
concealed beneath the sands of the Indian desert in the inter- 
vening area. The question was fully discussed after an examination 
of the ground by Oldham (1324 — ic ; — 26 ), who came to the conclusion 
that the prospects of finding workable coal arc exceedingly am all A 
spot 3 miles to the S. of Duvikot (26° 40': 71° 13') was indicated as 
the best site for an experimental boring, but the trial has not yet 
been made. The only coal yet found in Eajputana is of lower 
Tertiary age. 

Bikaner.— P alana (27° 51': 73° 19'). A seam of coal, 4 to 8 ft. 
thick, was discovered during the sinking of a well, at a depth of 212 
ft. from the surface, beneath a band of nummulitio limestone (La 
Touche, 1034 — 24 ). The seam, on being opened out, was found to 
be persistent over a considerable area, though the thickness varied 
from 3 to 30 ft., and a colliery was established in 1898. The method 
of working has been described by Clarke (323, 188). The output 
reached a maximum of 46,078 tons in 1904, but since then it has 
declined, the average amount raised annually during the five years 
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1909 to 1913 being 16,197 tons. In 1915 the output was 17,796- 
tons. 

The coal is dark brown in colour, with a woody texture, and 
becomes very friable on exposure to the air. The large percentage- 
of moisture contained in it can be considerably reduced by a special 
process of briquetting, which has been described by Phillips (1401). 
The composition of the raw coal and briquettes is indicated by the 
following analyses : — 

Coal C=38T6 : Vol.=35-36 Water=22*90 : Ash=3*58 per 

cent. 

Briquettes (average of 2 samples): — 0=38*79: Vol.=4:2*60: 
Water=12‘08 : Ash=6*63 per cent. (S. 112). 

SIKKIM. 

Seams of coal reported as occurring in the valley of the Great 
Eanoit R. proved on exainination to consist of dense black car- 
bonaceous shales, having the appearance of bright coal, but unable 
to support combustion. The seams occur among slates of far 
greater age than the Indian coal measures (La Touche, 1034 — 39,. 
96). 

UNITED PROVINCES, see under LIGNITE. 

COBALT, 


BIHAR AND ORISSA. 

Kalahandi. — A specimen of manganiferous iron ore collected at 
Olatura (20° 20': 83° 36') by Walker (1872 — 3, 20) yielded on 
assay 0*82 per cent, of cobalt oxide. 

BURMA. 

Tavoy. — Theobald (1763 — 19, 95) states that he procured a 
nodule of earthy cobalt associated with manganese, imbedded in 
white clay, near Henzai (Heinze 14° 29': 98° 12'). The specimen 
was not more than an ounce in weight (B. 325). 

MADRAS. 

Travaucore. — Indications of the presence of cobalt have been 
detected in the sulphide ores occurring near Arumanallur (8° 19': 
77° 28 ), described by Masillamani (298, 13). A surface sample 
yielded 0*08 per cent, of cobalt on assay (862, 281). 
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NEPAL. 

A speciiaen of cobaltiferous matte, said to have been procured 
at the copper mines of Kaohipatar Argah, Zilla Sowrobhar, situated 
80 miles to the N. of Dulha (27° 23': 83° 16') in the Basti district, 
was described by Jones ( 952 — 7 ) in 1889. It contained 13*97 per 
cent, of cobalt. A specimen previously assayed by Mallet contained 
11 per cent, of the metal (B. 325). 

rajputana. 

Jaipur. — K hetri (28° O': 75° 51'). An ore of cobalt, locally 
known as sehta^ has long been known to occur at the copper mines of 
Babai and Bagor in the neighbourhood of KhetrL (A. E., 524 — 2). 
Specimens were described by Middleton (1221 — l) as a sulphide of 
cobalt, to which the name " Syepoorite " (Jaipurite) was given by 
Nicol ; and by Ross (1518 — 2) as a sulph-antimonial arsenide of 
cobalt. But Mallet (1159 — 24 ) has shown that the ore consists of a 
mixture of two minerals, — cobaltite, a sulphide of arsenic and 
cobalt, and a cobaltiferous variety of danaite. The cobaltite was 
found to contain 28*30 per cent, of cobalt. 

According to Brooke (203 — 2, 524), the ore occurs in thin layers, 
between the masses of copper pyrites. Not more than 200 lb. a 
month was produced at either of the mines. Hacket (730-.— 4 „ 
248) and Heron {see Hayden, 793 — 31 , 19) describe the sehta as 
occurring in minute crystals sparsely disseminated through the slates 
which contain the copper pyrites. The extraction of the ore, which 
was used mainly by the Jaipur enamellers, was discontinued about 
the year 1908 (B. 324). 

COLTTMBITE see under RARE MINERALS. 

COPPER. 

The copper industry in India generally is dealt with in the follow- 
ing papers : — 

1901. Evans (555 — 9 , 155). A brief history of the attempts 
that have been made to mine copper ores in India. 

1907. Holland (859 — 04 , 27). An account of the recent trend of 
the copper market, with reference to a possible ^revival of the Indian 
copper industry. 


AFGHANISTAN. 


In 1841 Drummond (504 — 2) gave details of a number of ancient 
copper workings situated in the neighbourhood of the Safed Koh,. 
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between Kabul and Kurram. The most promising veins were said 
to occur at Dheeband and in the DoBAiimi VAtLEY 50': 69° 17'). 
The ore consists of bornite, chalcocite, and cuprite, containing 
respectively 60, 80, and 90 per cent, of metal. According to Gries- 
bach (708—21, 79), the veins are developed along the contact of 
intrusive igneous rocks with shales and sandstones. A specimen 
of copper ore from Kaeatiza hill (33° 57': 69° 27') in the same 
neighbourhood was exhibited by Medlicott (1197 — 66, 4) in 1880. 
It contained 20 per cent, of copper. 

Griesbach (Z.c., 77) also mentions the occurrence of traces of 
carbonate of copper on the south side of the Kotal-i-Maxjlana in 
Khaewar (33° 40': 68° 55'), at the contact of granite with meta- 
morphic rocks (B. 265). 

Vigiie (1846— 3, 142) has described a copper mine at Shibar, a 
day's march beyond Saiab, on the road from Ghazni to Kabul. The 
ore occurs in a quartz vein in slate. 

Eich veins of copper ore, are said to exist in the Shah Maksud 
RANGE (31° 53': 65° 20'), and to have -been worked by Nadir Shah 
and the Sirdars of Kandahar (Hutton, 900 — 8, 597). Very large 
profits are said to have been made (B, 265). 

ANDAMAN ISLANDS. 

Eang-u-Chang (11° 34': 92° 43'). Small quantities of copper 
pyrites were obtained by Mallet (1159 — 42, 80) in veins of hematite 
traversing eruptive rocks on the coast, several miles to the S. of Port 
Blair. A sample contained only 0-10 per cent, of metallic copper. 

ASSAM. 

Abor Hills. — Sisi E, (28° 48': 94° 56'). Eolled pebbles containing 
particles of chalcopyrite were noticed in the bed of the river by 
Brown (Sll — 6, 253). It is remarked that the watershed might be 
worth the attention of prospectors. 

Bor Kainti. — The Kamtis, inhabiting the hill region to the east 
of Upper Assam, are well loiown to be skilled, workers in metal. 
While in their country, Maclaren (1134 — 2, 184) was shown specimens 
of chalcopyrite, probably derived from veins in serpentinous rooks. 

Manipur. — Oldham (1324 — 3, 241) mentions that copper is worked 
in the south-eastern comer of the district. The ore is said to come 
from the hills bordering the Kubo valley (B. 278). 
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BALUCHISTAN. 

Kharan. — Chrysocolla (silicate of copper) is widely disseminated 
in grains of varying size through syenite of Tertiary age in the Ras 
Koh (28® 49'; 65® 14'), and at several other places further west. 
At Robat (29° 32': 63® 35') large heaps of copper slag were seen. 
Copper ore also occurs at Saindak (29® 16': 61® 33') in veins as the 
result, of solfataric action due to the intrusion of basaltic dykes 
(Vredenburg, 1854—1, 291). 

Las Bela. — A • circumstantial account, derived from a native 
inhabitant of Karachi, has been given by de la Hoste (456 — 2) of the 
occurrence of copper ore at a locaUty 24 miles to the southward of 
Bela, identified by Griesbach (708—4, 57) as Shah Bellawl 
(25® 45': 67° O'). The ore on’ being smelted is said to have yielded 
50 per cent, of metal (B- 264). 

Qiietta-Pishin. — Both Hutton (900 — 8, 581) and Griesbach (708 
— 4, 57) mention the occurrence of poor ores of copper associated 
with white quartz in the Kojak-Amran ranoe (B. 265). 

-Sarawan. — Concretions of malachite and azuxite, in some cases 
with a core of copper glance, were found by Vredenburg (1854 — 36, 
210) in the talus of Eocene coal measures between Ziarat and Johan 
(29® 20': 67® O'). 


BENGAL. 

Darjeeling. — Campbell (269) announced the discovery in \854 of 
copper ore at Pashok {see beloio), about 20 miles from Darjeeling 
on the road to Kalimpong. In 1874 Mallet (1159 — 6, 69) examined 
all the known occurrences of the ore, and described the character of 
the deposits and the native methods of working them. The latter 
have also been described by H. F. Blanford (147 — 7). 

The ores are of low grade, and consist of copper pyrites, generally 
associated with iron pyrites, disseminated through the slates and 
schists of the Baling series. They do not occur in true lodes. Their 
treatment consists in four processes : — (1) The ore is thoroughly 
poimded and washed. (2) It is smelted with charcoal in a primitive 
furnace, so as to form a regulus, the slag being removed at intervals 
by cooling the surface of the molten mass with a wisp of wet straw. 
(3) The regulus is pounded and mixed with cowdung, made into balls, 
and roasted with free access of air. (4) The roasted powder is re- 
smelted in the original furnace (B. 274). 
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The localities that have been examined are : — 

Chel R. (26° 58': 88° 46'). Seam exposed in bed of river. Said 
to be 4 ins. to a foot in width, and to consist of solid ore. 

Kalimponq- (27° 4': 88° 33'). The mine is situated about 2 
miles to the N. E. of the station. The ore occurs in small irregular 
seams of q[uattz, and bands of very hard (juartzite. The proportion 
of ore is very small. Abandoned on account of the hardness of the 
rock. 

Komai (27° 1': 88° 51'). Not mentioned by Mallet. The copper- 
bearing band is exposed on the left bank of the Mo Chu. According 
to Hayden (793 — 10), the ore is distributed in fairly large masses^ 
in bands from 2 to 4 ft. in thickness, through slates. A sample from 
a prospecting drift yielded on assay 3’5 per cent. Cu and 1 dwt. 

8 grs. of gold per ton. A picked sample gave 26 per cent. Cu. 

Mahanadi (26° 52': 88° 25'). At an old mine here the ore occurs 
in hornblende schist with quartz- and chlorite-schist, in little strings 
and clustered particles. Width about 2 ft. 

Mangphu (26° 58': 88° 28'). This mine, situated on the left 
bank of the Teesta E., was the only one being worked at the time 
of Mallet's visit. The ore occurs, in lenticular layers, up to a foot 
thick, in a band of clay slate about 3 ft. thick. Traces of ore were 
found throughout a total thickness of about 200 ft. of strata. The 
average yield is said to be about 4 per cent. The output for a year 
is said to have been about 5,760 lb. of metal. 

Mangwa (27° 3': 88° 28'). Specimens of iron pyrites examined 
by Piddington (1405 — 63 , 479) contained traces of copper. Similar 
traces were found in specimens of hornblende rock from Pankabaui 
(26° 50': 88° 20'). 

Pashok (27° 4': 88° 27' 30'0- The ore occurs in quartzose horn- 
blendic-schist, and is very sparsely disseminated. Attempts to 
work the deposit between the years 1854 and 1870 proved unsuccess- 
ful. On assay by Piddington (1405 — 63 ; — 70 ) the rock in bulk yield- 
ed only 1*357 per cent. Cu. Copper ore is also said to Iiave been 
found near the head of the Rangbong streain, W. of Pashok. 

Rani Hat (26° 51': 88° 21'). Copper ore occurs at two places. 
(1) In the bank of the Rani stream, about a mile above Rani Hat, 
iron pyrites with traces of copper is disseminated through quartz- 
and hornblende-schist. (2) Near the head of the Chochi stream 
1,100 ft. above and a mile N. of Rani Hat, copper ore has been 
worked rather extensively. The ore stratum averages about 18 ins. 
in thickness, and has been proved to a distance of over 90 ft. along 
the dip. 
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Re Ung (27° O': 88° 33'). A trial drift here showed clay slate* 
with interbanded layers of quartzite containing small quantities of 
copper pyrites. 

Sampthar (26° 58': 88° 34'). Thin lenticular layers of quartz^ 
containing copper and iron pyrites, have been exposed by a landslip in 
a ravine joining the Lisu to the S. of the village. 

Yongri Hill (26° 57': 88° 34'). Described by Mallet (1159—31) 
in 1882, when the mine had recently been opened. It is situated on 
the west slope of the hill at an elevation of about 2j500 ft. The* 
cupriferous seam was 7 to 8 ins. thick, but occasionally thinned to* 
1 or 2 ins. The ore occurred in quartzose layers interbanded with 
clay slate, and contained a considerable proportion of iron pyrites.. 
A sample on assay yielded 1*5 per cent. Cu, and a picked specimen 
6’6 per cent. 

Jalpaiguri. — Baxa (26° 45': 89° 38'). Copper pyrites has been 
found, but not worked, at a spot on the hillside half a mile to the 
W. of Baxa (Mallet, 1159 — 6, 79). The ore occurs with iron p 3 rrites 
in quartzose layers in a greenishs late. 

BHUTAN. 

Chamxjrohi (26° 64': 89° 11'). Copper ore is said to have been 
found near this place, but the locality has not been visited (Mallet,. 
1159—6, 79). 

BIHAR AND ORISSA. 

A summary of information relative to the existence of copper 
ores in Chota Nagpur, compiled from various sources, was published 
by King and Pope (989, 95) in 1891. 

Hazaribagh.— Baragunda (24° 5' : 86° 7'). Accounts of exten- 
sive ancient copper workings at this locality have been given by 
McClelland (1117 — 33, 23) and Smith (1655 — 2, 97), The excava- 
tions extend for about three quarters of a mile, with an average- 
width of 25 or 30 yds., along a low ridge composed of quartzite as- 
sociated with gneiss, garnetiferous mica and talc schist, and hornblende 
schist. Copper pyrites, with galena and zinc blende, is found dis- 
seminated in small lenticular nodules through the schists, or 
penetrating veins of pellucid quartz. Picked specimens assayed by 
Piddington (1405—55) yielded 34*10 Cu : 33*98 Fe : and 31*42 S per 
cent. A carefully selected average sample assayed by Mallet (1159 — 60, 
24) yielded 3*04 per cent. Cu. (B. 254). 

In a more recent account (1895), Oates (1315, 439) states that the 
deposits consist of strings and bunches of copper pyrites permeat- 
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ing garnetiferous mica schists. The thickness of the cupriferous 
band varies from 7 to 22 feet. Assays of average samples of the 
ore yielded from 1 to 1‘5 per cent. Cu. 

Several attempts have been made within the last 60 years to re- 
open the old worldngs, but have hitherto been attended with no 
permanent success. King (987—43, 260) records that in 1888 the 
Bengal Baragunda Copper Co. turned out 218 tons of refined copper. 

Gxtlgo (24° 24' : 86° 26' 30"). MaUet (1159—7, 34) mentions the 
occurrence of minute particles of copper pyrites with galena in a 
rock consisting of a mixture of garnet and coccohte, exposed in 
the bed of the Patru stream, to the N. E. of the village. 

manbhum. — Ball (71 — 8, 76) has recorded- the discovery of 
ancient excavations in search of copper at Purda (22° 59!' : 86° 39') 
and Kalianpur (23° 2' : 86° 7'). The only signs left of the presence 
of the ore were incrustations of the carbonates of copper on the 
schist and quartz debris (B. 246). 

Palainau. — Some traces of copper ore were found in sinking a 
well at Daltonganjt (24° 2' : 84° 7'), disseminated in beds of schis- 
tose gneiss (Ball, 71 — 32 , 125 ; B* 256). 

Santal Pargauas. — B airtjki (24° 35' : 86° 40'). A report on spe- 
cimens of copper ore from this locality, which is close to the East 
Indian railway, was drawn up by Piddington (1405 — 41 ), in 1851. 
The ore forms a red or liver-coloured mass, consisting of a mixtme of 
cuprite, chalcopyrite, and tetrahedrite, with green carbonate of 
copper and galena. On assay the ores yielded from 20 to 40 per 
cent. Cu, and several of the samples contained traces of silver. 

Excavations made hy Sherwill (1625 — 15, 34) showed that the 
ore occurs in narrow veins running east and west along the strike 
of hornblendic schists and gneiss, also permeating the latter. Small 
strings of galena traverse the ore bodies from north to south. The 
deposit was traced for a distance of 100 feet (B, 244). 

According to Mallet (1159 — 50, 25), the ore occurs in a discon- 
tinuous band of tremolite schist, varying in width from a few inches 
to 6 or 8 ft., enclosed in gneiss which is highly garnetiferous in places. 
The veins had been followed to a depth of over 150 ft. The ores 
were copper pyrites and purple copper, forming small lenticular 
masses parallel to the foliation of the schist, the former predomin- 
ating in the lower part of the mine. Only a few tons were extracted, 
and the ore-bearing stratum is said to be very poor. 

Bonn Bandh (24° 0' : 86° 55'). A discovery of copper pyrites 
in the bed of the Ajai R., to the N. E. of the village, is mentioned 
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by Sberwill (1625—15, 10, 40). The ore is said to be of poor quality 
(B. 244). 

Singhbhum.— The first’ allusion to the existence of copper ores 
in Singhbhum was made by Jones (956—1, 170) in 1829 ; but the 
remains of ancient excavations, which have been traced at frequent 
interval for a distance of more than 80 miles, along a belt of country 
reaching from the Bamini E. near Duabparam (22° .46' 30": 85° 38') 
through Kharsawan, Seraikela, and Dhalbhum to Bbaieaoora (22° 
16' 30": 86° 46' 30") on the borders of Mayurbhanj, as well ‘as num- 
erous heaps of slag, bear witness to the fact that the deposits had 
long been known and exploited. This ancient mining industry has 
been attributed by Ball (71 — 5) to the Seraks, or lay Jains, who may 
perhaps have discovered the ores some 2,000 years ago. 

Several accounts of the deposits, and of attempts made to work 
them in more recent times, have been published. These are : — 

1854. Haughton (785 — i, 112). Describes the old workings 
in Kharsawan. A small quantity of copper, not amount- 
ing to 2 tons annually, was being produced in Seraikela and 
Dhalbhum. 

1854. Ricketts (1481 — i). A brief account of the old workings. 

1855. Piddington (1405 — 73) Gives results of experimental 
smelting of copper slags sent to Swansea. The average 
yield of copper was 39-25 per cent. The slags contained 
about 50 per cent. Pe, which rendered them very refractory. 

1857.^ r(1711— 1) Pull accounts of the geology of 

>Stoehr< > the copper belt and mode of 

1864. J ul*?!! — 4) J occurrence of the ores. An 

abstract of these papers was published in the Records ^ 
Geological Survey of India (Vol. Ill, p. 86) in 1870. 

' 1857 — 1858. DiiiTschmidt (519 — i ; — 2). Mainly a brief 

resume of Haughton’s and Stoehr's observations. 

1870. ^ C (71 — 9) r A complete account of the old 

> Ball ■< ^ workings and of the geology 

1881. J ((71— 46, 143) ( of the region. In the earlier 

paper a list of localities is given at p, 100, with notes on 
the character of the ores observed at the outcrop, and of 
the rocks in which they occur. 

1895. Oates (1315). A brief account of the copper belt, 
and history of attempts made to work the deposits. 

1907—1909. Holland (869— 60, 33; — 6C, 29; —71, 35). Re- 
ports on the progress of prospecting w:ork 'carried out by 
m^ns of borings. 
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1910. Holland and Termor ( 861 , 234). A brief summary of 
the results of prospecting operations. 

The ores are developed along a well defined horizon, near the 
base of the Dharwar (sub-metamorphic) series, either disseminated 
through muscovite and chlorite-quartz-schists, or forming indefinite 
lodes coinciding in direction with the bedding planes of the schists. 
They consist in depth of copper pyrites, but near the surface have 
been converted into carbonates and oxides. From these super- 
ficial deposits the ancients derived their supply of ore (B. 247). 

Mining in recent times has been carried on, and experiments 
made in order to test the value of the deposits, at the following 
localities : — 

Jamjura (22® 43' 30" : 86° 10'). Worked by the Singhbhum 
Copper Co., 1857-59. A very rich band of malachite was 
followed to a depth of 15 fathoms. 

Kodomdiha (22° 46' 30" : 85° 53'). Boring. A lode 8 ft. 
thick, assaying 5-10 per cent. Cu, was struck at 392 ft. 
from the surface. Further to the deep, at 1,069 ft., the 
lode was 1 ft, thick, carrying 1*82 per cent. Cu. 

Landu or Nadup (22° 44' : 86° 15'). Several mines in the 
neighbourhood were worked by the Singhbhum Copper 
Co. in 1857-59, and again in 1862-64. The ores were 
copper glance and malachite in lodes up to 3 ft. thick. 
The average yield of copper was 6 per cent. A recent 
boring here passed through a lode 14 ins. thick, carrying 
3*33 per cent. Cu, at a depth of 197 feet. 

Laxjkisra (22° 32' : 86° 30'). Boring. Three bands of ore were 
passed through : — 


— 

Depth. 

ThioknoBS. 

rorcontago of 
copper. 


ft. 

ft. ins. 


1 

150 

10 10 

2-05 

2 

109 

1 10 

2-13 

J 

179 

4 8 

1*37 


Matigara (22° 38' 30" : 86° 26'). Worked by the Rajdoha 
Copper Co. from 1891 to 1908, when the Cape Copper Co. 
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obtained an option on the property. Borings have passed 
through five bands of ore : — 


— 

Dopth. 

Thiokness. 

Percentage of 
copper. 


ft. ins. 

ft. ins. 


1 .... 

693 0 

3 2 

2-00 

'2 .... 

697 0 

3 8 

1*29 

3 .... 

733 5 

2 1 

lai 

'JL • . a a 

736 1 

0 3 

12*81 

. 

736 5 

2 0 

0*42 


Eajdoha (22° 42' ; 86° 21'). Worked by the Eajdoha Copper 
■Co. since 1891. Two workable ore bodies have been met with in a 
copper permeated formation 359 ft. thick. These are 2 ft. and 3 ft. 
thick, carrying 4‘5 to 0‘5 and 13-5 per cent, of copper respectively. 

Eegadih (22° 47' : 85° 48'). Boring. A Jlode 13 ins. thick, 
assaying 0-61 per cent. Cu., was met with at a depth of 197 feet. 

The amount of copper ore produced in Singhbhum rose from 
7 tons in 1909 to 8,984 tons in 1912, mainly due to the result of pros- 
pecting operations by the Cape Copper Co. at Matigara. The 
average annual output for the five -years 1909 to 1913 was 3,115 tons. 
The amount produced in 1915 was 8,010 tons. 

BOMBAY. 

Alimadnagar. — Small quantities of copper ore are said to be 
obtained by washing the sand of a stream at Easin (18° 26' : 74° 59'). 
The source of the ore is not known (35 — 2.'5). 

Itijapnr. — Traces of copper ore were noted by Aytoun (51 — 2, 
57) on the laminaj of talcose limestone at Kaoherdawi (? Khajji- 
DONi, 16° 10': 75° 31'), 4 miles from Kaladgi. 

Dliarwar.— Newbold (1294—20, 150) mentions having found 

small fragments of copper ore in the Dhoni stream (16° 18' : 76° 47'), 
flowing from the Kappatgodo hills ; and small quantities of copper 
pyrites were found by Eootc (596—11, 140) near SuRTUR (15° 15': 
75° 40' 30"), in the same neighbourhood (B. 264). 
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Kathiawar.; — A thin vein of quartz containing copper pyrites 
very sparingly associated with galena was seen hy Fedden (669 — 6, 
134) traversing basalt at Banej-nes (? 21? 2' 70' 59'), on the 
Machundri B., in the Gir hills. 

Jacob (924 — 2, 87) states that copper ore is said to be found in 
the hiUls running . south from Bhudli (?), and near Nawanagab 
(22° 28' : 70° 8'). 

Batna^i. — Copper pyrites was found by Aytoun (51 — 3 , 83) 

in a quartz vein at Vingoela headlani) (15° 51' :.73° 40'). 

.1 

BURMA. 

Amherst. — O’Eiley (1340—6, 23; — 7, 27) states that he found 
heaps of copper slag at Kyiek Mveam, a day’s journey from Maul- 
mein, and at two other localities further to the south. No ore was seen 
in situ. Fryar, in a letter to the Commissioner of Tenasserim, dated 
26th July, 1873, mentions having visited a deposit of copper ore on 
the Megathat (16° 25' ; 98° 20'), a tributary of the Ataran R. (B. 
279). 

A vein of ore containing silver, antimony, and copper is men- 
tioned by Heifer (808 — l, 14) as occurring in the Pagah range, 
between the Salween and Thon-khan rivers. 

Chindwin (Lower). — The remains of an old copper mine are men- 
tioned by Jones (952 — i, 176) as occurring among volcanic rocks on 
Letpadaung hill (22° 5' : 95° 8'), 3 miles to the W. of the Chind- 
win R. at Monywa. Stains of green carbonate were the only signs 
visible of the presence of copper. 

Kyaokpyu. — Some nodules found by Williams on Round I. (18° 
42': 93° 62'), to the S. E. of Cheduba, and described by Piddington 
(1405 — 14) and Momay (1254 — 2) as consisting of native copper, were 
shown by Mallet (1159 — 14, 222) to be an artificial alloy of copper and 
tin (B. 278). 

Mcrgui. — ^Heifer (808 — 6, 180 ; — 7, 309) states that copper ore 
has been found on Kala Kyauk I, near Mergui, in gneiss ; and on 
Lampei or Sullivan I. (10° 50' : 98° 12') in quartz veins traversing 
clay slate (B. 280). 

Sagaiug. — Traces of copper carbonate are said by OldJiam (1326 
— 17 , 324) to occur at Yega (21° 69' : 95° 59'), in hornblendic slaty 
rock at the contact with a highly crystalline igneous dyke. The 
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yield is said to be about 5 per cent, Cu. A specimen of malacliite from 
Ava, assayed by Prinsep (1436 — lo, 15) whicli may have come from 
this locality, yielded 18*5 per cent. Cu. 

Salween. — A specimen of copper ore obtained by O'Eiley from a 
locality on the Yunzalin E. was assayed by Waldie (1866 — 4), 
and described under the name of O’Eileyite. The principal consti* 
tuents were (average of 2 samples) : — Fe=39*29 : Cu=14-56 : 
As=35'57 per cent. One of the specimens contained 0-096 per cent, 
of silver (B. 278), 

Theobald (1768 — 19 , 94) reproduces a sketch map compiled by 
O'Eiley showing two localities for copper ore on the western side of 
the Yunzalin E., not far above its junction with the Salween (17® 
20': 97® 44'). He also mentions the discovery by Foley of fragments 
of green carbonate of copper in the Botaung hills, 90 miles N. N. E. 
from Maulmein (B. 280). 

Shian States (N.). — Minute grains of chalcopyrite, disseminated 
through the country rock, are found in association with galena at 
the silver-lead mines of Bawdwin (23® 7' : 97® 20' 30") in the Tawng 
Peng State. Thin films of malachite and azurite, resulting from the 
decomposition of the pyrites, also occur as incrustations along the 
shear planes of the rooks (La Touche and Brown, 1036, 266). 

An appreciable output of copper ore from the Bawdwin mines, 
worked by the Burma Corporation, Ltd., has been recorded since 
the year 1912. The total amount raised during the four years 
1912-15 was 2,573 tons. 

Mounds of copper slag were found by La Touche (1034—45^ 
371) near the village of Loi Mi (23® 6' : 97® 19') about 3 miles to the 
W. of Bawdwin. No traces of the ore could be found in situ, 

Fermor (577 — 9 ) records the receipt of specimens of schistose 
slate and vein quartz with chalcopyrite, chrysocolla, and malachite 
from near Letpandaw (22® 24' 30": 96® 23') in the Mong Long State. 

Shan States (S.).-^Green carbonate of copper is worked, accord- 
ing to Jones ( 952 — 4 , 194), at Kyauktat (Kyawk Htap, 20® 51' : 
96° 49'), and is said to yield 6 viss (about 18 lb.) of copper to two 
baskets of ore. The locality was not visited. Copper ore is also 
said to occur at Taunglebyin (20® 40' : 96® 29'), 

Middlcmiss (1219 — 22, 150) records the occurrence of antimonial 
tetrahedritc with azurite and malachite at a number of isolated 
places round Yataung hill (20® 57' : 96® 38'), 4 miles to N. E. by 
N. of Myinkyardo. Surface workings were being carried on at 
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Ganaingya, IJ miles to the north. The ore occurs in limestone, in 
thin veins coinciding with the bedding planes. Copper ore is also 
.•said to occur 4 miles to W. N. W. of Magwe (20° 38' : 96° 36'), and 
an the stream beds near Kwe-ma-sa (20° 43' : 96° 32'). 

CENTRAL INDIA AGENCY. 

ClwaUoT. — Traces of malachite and azurite are reported by H. 
C. Jones {see La Touche, 1034 — 39, 113) to have been found in a 
prospecting trench 2| miles to the W. of Karhia (25° 54' : 78° 4'). 

Indore. — Remains of old excavations in search of copper ore, 
and mounds of copper slag, were found by Bose (173 — 6, ‘ 69) at 
Tamkhan (22° 27' 30" ; 76° 53' 30"). The ore appears to have been 
worked out. The veins are said to have been 4 to 5 ft. wide, and to 
extend for about half a mile. Copper stains were also found in 
veins between Kharia (22° 20': 76° 46'), and Jiwani, 3 miles to the 
IS. E.,but no copper pyrites was seen in situ {see Holland, 859 — 66, 49). 

Rewah. — An old copper mine, situated about IJ miles to the 
N. E. of Oherka (24° 5' : 81° 21' 30"), has been described by Oldham 
< 1325 , 172). The workings were apparently of con.siderable depth ; 
but only stains of green carbonate were visible on the roclcs forming 
the sides of the cutting. 

No traces of copper ore were foimd by the Geological Survey 
officers near Bardi (24° 33' : 82° 26') or Tagwa (24° 16' 30" ": 
82° 1'), localities marked on Sherwill’s map of Bengal (1625 — 1 1) as 
the sites of copper mines (B. 258). 

CENTRAL PROVINCES. 

Balaghat. — Excavations apparently made in search of copper 
ore, in a quartz reef forming a ridge at Malanjkhandi (22° 1' 30" : 
80° 47'), have been described by King (987—34). No indica- 
tions of a lode were seen, but only small strings and incrustations of 
copper carbonate on the sides of the pits. 

Chanda.— -T hana Wasa (19° 51' : 79° 48') is marked on the 
Atlas of India as the site of an old copper mine, but no further in- 
formation is available (B. 257). 

Drug. — Small quantities of green carbonate of copper were noted 
by Blanford (148—23) in a quartz vein containing galena, exposed 
about 3 miles to the W. of Chicholi (21° 4' : 80° 44'). Similar 
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traces were found by Ball (71 — 28, 185) in a quartz vein at Warae- 
BAND (21° 4' : 80° 63' 30''), 16 miles to the E. of the Chicholi outcrop 
(B. 256). 


Jubbulpore. — Copper pyrites associated, with galena was dis- 
covered by Olpherts in the outcrop of a bed of quartzite, 2 miles to 
the N. of Sleemanabad (23° 38' 30" : 80° 19'), in 1870. Hughes 
(888 — 6) considered that there was no indication of a true lode, and 
that the deposit was of little value (B. 257). 

Eecent prospecting work has shown [see Eng. Min. Journ., 
LXXXIII, 657) that the ore occurs in veins traversing dolomites 
of Dharwar age. Seven veins were disclosed, two of which mea- 
sured 3 ft. and 4 ft. in width respectively. Selected samples of the 
ore were found to be very rich in silver, containing up to 200 oz. 
per ton. The results of the operations were not satisfactory, and the 
works were closed (861, 236). 

Narsinglipur. — Ball (71 — 17 ) has described a deposit of copper 
ore discovered by Maynard in 1873 on an island in the Xarbada R. 
close to Birman Ghat (23° 2' : 79° 5'). The ore consists of azurite 
and malachite with grey and red oxides of copper, and is dissemina- 
ted through Bijawar schists, over a width of 6 to 14 feet. The 
presence of the ores was traced for a distance of 100 yards. Five 
: specimens assayed by Tween yielded on the average 27*8 per cent. 
'Cu. Two specimens assayed at the Mint yielded 32*76 and 23*1 
per cent, of copper respectively (B. 257). 

HYDERABAD. 

Warangal. — Traces of copper ore are stated by Walker (1868 — 
6, 183) to occur in granite at Naloonda (17° 3' : 79° 19') ; and copper 
ore is said to have been mined on an island below Yelcurrup (?) 
;in the Ramghir Sircar (B. 244). 

KASHMIR. 

Baltistan. — Specimens of copper glance and copper pyrites have 
been received from Rondtj (34° 24' : 77° 61'), but nothing appears 
to be known regarding their mode of occurrence (Lydokker, 1109 — 
IfS, 334). 

Kashmir. — An old copper mine at Harpat Nag (33° 60' : 75° 
■23' 30") near Eishmakam is mentioned by Vigne (1846 — 4 , Vol. II, 
5). The ore occurs in a quartzose rock, which is much stained by 
.the carbonates. 
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^Zafkar)"^ ^ • — Large masses of native copper are stated by 

Lydekker (1109 — 22, 40 ; — 38, 334) to have been found in the 
Zangskab B., where it crosses the Tertiary rocks N. of the parallel 
of 34°, • during the summer of 1878. La Touche (1034—14:, 67) 
was informed that the copper is found considerably higher up the 
river, near Yelohung, (33° 55' : 76° 58'), where it flows in a deep 
gorge through roclcs of Triassic age. The existence of copper orea 
in the district had previously been conjectured by Cunningham 
(399 — 5, 234), who pointed out that the name Zangskar is derived 
from zang3, signifying copper (B. 267). 


MADRAS. 

Bellary.— Newbold has given three accounts (1294—13, 125 ; 
— 29, 150 ; — 4:3, 514) of the occurrence of green carbonate of 
copper on a ridge below the southern scarp of the Copper Mountain, 
6 miles to the W. of Bellaiy. He says that there" is no distinct 
lode, but that thin layers of the ore are interlaminated with ferruginous, 
slates. Excavations made under the orders of Hyder Ali on the crest 
of the mountain in search of copper ore were then visible* (B. 241). 

Eoote, in 1896 (596 — 39, 197), could And no traces of copper ore 
on the mountain,' but he mentions (Z. c. pp. 172, 198) the occur- 
rence of thin films and veinlets of the green carbonate permeating 
the quartz of a reef about a mile to N. N. W. of Harappanahalli 
(14° 47' 30": 76° 2' 30"), where there are traces of an old mine. Copper 
stains were also found in a brecciated quartz reef at the crest of the 
Siddapan Konda ridge, 2J miles E. by N. of Hallalgundi (15°' 
29' : 77°. 7'). . * ’ 

Coimbatore. — A quartz reef near Hadabanatta (Adapull- 
NATTA, 11° 57' : 77° 22'), formerly worked for gold, was found by 
Hayden (793 — 7, 62) to contain copper pyrites, malachite and 
boniite in fairly promising quantities. Samples from a newly 
opened portion of the reef near the surface yielded about 3 per cent. 
Cu. The old workings are fairly extensive, though not more than 
20 ft. deep. 


Ciiddapah. — Traces of copper ore are mentioned by Newbold 
(1294 — 29, 150) and Foote {see King, 987 — 7, 270) as occurring in 
the old lead m'nes at Jangamrajpilli or Baswapur (14° 46' : 78°* 
57') in the Nallamalai hills. Cupreous stains and apparent impres- 
sions of copper pyiites are seen in strings of white quartz penetra- 
ting beds of siliceous limestone (B. 240). 
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Ountur. — Gantlapalem or Ag-nigxjndala (16® 11' : 79® 48'). 
Malachite and azurite occur as films on the joint planes of a bed 
of very coarse granular quartzite close to the village, according to 
Foote (5ee King, 987 — 7, 269). Extensive mining operations had been 
carried on in former times. The locality was visited by Heyne 
<834—2, 108) in 1797 (B. 241). 

Kurnool. — Copper ores have been described by Foote {see King, 
987 — 7, 268) as occurring at the following localities : — 

Gumankonda (15° 38' 30" : 78® 21'). In an old pit sunk in a 
quartz vein at the western end of the valley, fragments of 
quartz coated with thin films of malachite were found. 
The vein appeared to have been entirely worked out (B. 
240). 

SoMADALPiLLi (SoMAYAztJLAPALLT, 15° 35' : 78® 14'). Minute 
grains of copper pyrites and thin films of the carbonate 
were observed in a quartz vein, to 6 ft. thick, at 
the foot of the hills E. of the village (B, 241). 

In the Kurnool Manual (675, 96) it is stated that copper ore was 
formerly worked near Gani (15® 40' : 78® 22' 30"), and that bell 
metal was manufactured here in the days of Kama Raja, a jaghirdar 
under the Vijayanagar dynasty. Traces of copper ore are also said 
to occur in Gttjjalakonda (15° 45': 79® 27'), and in Kommemarri 
<15® 12': 77® 55' 30"). 

Nfellore. — The existence of old copper workings on an extensive 
•scale in Nellore was first brought to notice by Heyne, who visited 
the district in 1800 and published his account in 1814 (834—2, 108). 
In the previous year Thomson, in a paper read before the Royal 
Society (1776 — i), had described specimens of the ore collected by 
Heyne, and to one of these, considered to be an anhydrous carbo- 
nate of copper, he had given the name Mysorin. The old mines were 
worked at a number of localities in the neighbourhood of Gari- 
MANiPENTA OR Ganipenta (14° 59' 30": 79° 37'), and have been 
■described by the following writers : — 

1829. Calder (260 — 1, 9). The old mines are mentioned, 
and the ore is said to yield from 50 to 60 per. cent, of 
' copper. 

1833. Kerr (982). A note on specimens of|]the ore. 

1835. Prinsep (1436 — 24; — 27). Quotes an account by 

Kerr of the old worldngs, and of an attempt made to 
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re-open the mines in 1831. Assays of 3 specimens of the 
ore are given, yielding 30*2, 39*5, and 69 per cent, 
of copper respectively. 

1842. Ouchtexlony (1348—2). Report on unsuccessful at- 
tempts made to discover payable copper lodes in the 
district. 

1842. Newbold ( 1294 — 29 , 151). A detailed account of the 
old mines at Garimanipenta and in the neighbourhood. 
The ores are said to occur as thin veins in hornblende 
schist. The most promising localities mentioned are 
Nilagani, a quarter of a mile to the S., and Saligibt,. 
half a mile to the S. W. of Garimanipenta. 

1872. C. M, Oldham {see King, 98*?— 7, 270). Describes the 
mode of occurrence of the ore. Thin bands of the green 
carbonate, running through hornblende schists, were 
traced at intervals for a distance of more than a mile. 

1873. Boswell (174, 60). Gives a brief history of recent 
attempts made to work the mines. 

1879. Mallet (1169 — 19 ), Shows that the mineral des- 
cribed as Mysorin by Thomson is an impure malachite,, 
owing its dark colour to ferric oxide and chalcocite. 

1880. King (987 — 17 , 185). A detailed description of “the 
geology of the locality and mode of occurren e of the ore. 
An account of prospecting operations recently carried 
out by Lavelle is quoted. These, like all the attempts- 
previously made, were confined to the oxidised ores 
lying near the surface ; and it is pointed out by King 
that the existence or otherwise of payable ore at a 
greater depth than 60 ft. has not been proved. 

The surface ores, according to King, consist mainly of a mixture 
of chrysocolla, chalcocite, and malachite, with small quantities of 
copper pyrites. They occur in a band of hornblendic and garneti- 
ferous schist, with which are associated intrusive slieets of trap. 
The ore is found chiefly in the trap, in strings and irregular masses,, 
but there is no continuous lode. 

Assays of 3 samples forwarded to Londom by Lavelle yielded 
28*75, over 50, and 54 per cent, of copper respectively (B. 242). 

Minute traces of malachite were ^detected by Foote (596 — 17, 
103) at the northern end of a quartzite ridge near Gogulapalli (15^ 
15' 30" : 79° 22' 30"). 


Trichinopoly. — Stains of"' copper ca;rbonates on gneiss, and water- 
worn fragments of cupriferous veinstone, were found by Blanford 
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■(147—8, 216) near Olapadi (ir 19' 30" : 79° 9') and Vapue (11° 19' : 
79° 7' 30"). The ore was not found in situ (B. 240); 

MYSORE. 

CMtaldroog. — Foote (596 — 34, 53) mentions old copper mines at 
BELmoxJDDA HILL (14° 19' : 76° 31'). The ore was an earthy mala- 
chite, forming pockets of considerable size in schists, , and had been 
worked out. No signs of a lode were seen. 

NEPAL. 

Copper ores are known to occur in Nepal, but the localities have 
not been visited by a geologist. Medlicott (1197 — 39, 96) says that 
there are old mines on the northern side of the Sisagarhi ridge (27°’ 
33' : 85° 7'), and that they are situated near the junction of bedded 
quartzites with gneiss, along a broken anticlinal axis of flexure ; 
but he was not permitted to inspect them. Buchanan-Hamilton 
(222 — 3, 76) has described the process of smelting the ore, which 
is similar to that practised in the Darjeeling district [see under 
Bengal). A variety of tetrahedrite obtained by Piddington (1405 — 
57), from a locality near Khatmandu, and named by him Nepau- 
lite, was found by Mallet (1159 — 46) to contain 38-69 per cent, of 
copper (B. 272), 

PUNJAB. 

Kaugra. — Gerard (650 — 3, 263) and Hutton (900 — 4, 575) mention 
a copper mine near Stjngnam (31° 45' 30" : 78° 32') in Kanawar. 
The mine, according to Hutton, is situated between Sungnam and 
Kupa, at a height of about 4,000 ft. above the river Thanam. The 
me occurs in quartz veins traversing Cambrian schist. The amount 
extracted was small, not more than 12 cwt., in 1837. 

In Kulu the occurrence of copper ores at the following localities 
is mentioned by Calvert (265 — 2) : — 

6. Chisani (31° 48' : 77° 17'). Numerous old copper 
mines are to be seen on the hillside above the village. 
It is said that the lode can be traced for several miles. 
Henwood ( 823 ) examined the deposits in 1881, and 
says that copper pyrites is disseminated throughout the 
rocks over a wide area. 

p. 73. Jhari (32° 0' : 77° 18'). Mineral veins containing 
silver-lead and copper are said to abound in the neigh- 
bourhood, and there are many old workings. 
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p. 23. 1 \Iaol (31° 55' : 77° 11'). Large blocks of copper ore„ 
were found in the bed of the stream, but no lode was 
seen. 

, p. 68. Saond (31° 54' : 77° 13'). Masses of copper ore 
were seen on the slopes of Kot Kandi hill, above the 
village. 

p. 71. Shatghar (31° 58' : 77° 17'). Lodes of copper ore, 

hitherto unworked, were found in the bed of the stream. 

Patiala. — Bose (173 — 21 , 58) states that copper ores are widely 
distributed in the Narnaul district, occuxring both in the Alwar 
quartzites and in the Arvali series. Old mines are very numerous 
in the southern portion of the district, especially near Motaka 

(27° 49' : 76° 8' 30"). Stains of malachite on quartz, phyllite, etc., 
were the only indications of ore met with. 

(SaU^^Range)^ * — occurrence of nodules of copper pyrites in 

beds of variegated clay associated with the Speckled Sandstone 
group has been noticed by Fleming (591 — 5 , ‘257), Theobald (1763 
— 1, 661), and Wynne (1975 — 18, 91). Fleming says that they are 
most abundant on the scarp above Katha (32° 32' : 72° 29'). 
The nodules vary from the size of a millet seed to that of a 

walnut, and consist of the sulphide with a coating of carbonate of 
copper. The quantity is insignificant; in fact, Wynne could find 
none of the nodules in situ (B. 266). 

Simla. — An old copper mine exists near Solan (30° 55' : 77° 10'), 
in the Simla Slate series ; but no information regarding it has been 
published (B. 266). 


rajputana. 

Ajmer. — Hacket (730 — 4 , 247) observed traces of copper ore in 
the old iron workings near the jail at Ajmer. 

Prinsep (1436 — 24 , 582) has described specimens of copper ore 
collected by Dixon at three localities : — 

Gugra (26° 30' 30" : 74° 45'). Malachite with carbojiatc of 
lead and galena. Vein 4 ins. wide. 

Rajauri (Rajosi, 26° 20' : 74° 44'). Micaceous and ferruginous 
carbonate of copper. 

Rajgarh (26° 18' : 74° 41'). Red oxide of copper with 
malachite and ? chrysocolla, associated with carbonate of 
iron (B. 263). 


130 




COPPER. 


Ali^ar. — ^Hacket (730 — 2, 90 ; — 4 , 243) mentions the occurrence 
of copper ore at the following locahties : — 

Baohani (1). Workings abandoned for many years. 

Bhang ABH (27° 6' : 76° 21'). Two or three small pits, fallen 
in. 

Daribo (27° 10' : 76° 27'). Adit driven along the strike of 
slates, through which copper pyrites is disseminated. 
Occasionally rich pockets of ore are met with. Traces 
of ore also occur in slates on a ridge a short distance to 
W. of the village. Andresen (31) says that the ore 
occurs in a fissure vein, with an average width of 20 ins., 
along the junction of quartzites with black slates; and 
that it is traceable for over half a mile. He also describes 
the method of smelting the ore. 

Indawas (27° 21' 30" : 76° 22'). A long open cutting 20 to 
30 feet deep, from which the ore had been extracted. 

Jasingptjra (27° 9' 30" : 76° 28'). Traces of copper ore 
found. 

Kushalgarh (27° 25' : 76° 29' 30") Old workings, abandoned 

Pertabgarh 27° 15' : 76° 13') J for many years. 

Tasing (27° 53' : 76° 16' 30"). Traces of copper ore were 
seen (B. 259). 

Bharatpur. — At Nithahar (26° 58' ; 77° 6') a short level has been 
driven, and a small quantity of copper ore raised (Hacket, 730 — 4 , 
247). Copper workings also formerly existed at Basawar (27° 2' : 
77° 7'), but in low grade ore (A. E., 584 — 2 ; B. 260). 

Bikaner. — Powlett (1423 — i, 82) states that copper ore is said to 
have been extracted from a hill near Bhadasar (28° 18' : 74° 22'), 
but not in paying quantities (B. 264). 

Bundi. — Traces of copper ore were seen by Hacket (730 — 4 , 247) 
in a small pit sunk in quartzites, about 2 miles to the E. of Datunda 
(25° 27' : 75° 30' 30"). A very small quantity appears to have, been 
raised (B. 264). 

Jaipur. — The following localities are mentioned by Hacket (730 — 
4 , 243) and others : — 

Babai (27° 53' : 75° 49'). A few pits have been sunk, and a 
little copper ore was found disseminated through slates. 
The pits are said to be principally worked for sehta, or 
ore of cobalt (B. 263). 
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Bagor, see KjsETRi. 

Garh (26° 40' : 76° 34'). Pit' 20 or 30 feet deep. Traces of 
copper ore were found at the mouth of the pit, but none 
in the surrounding rocks. 

Khetri (28° 0' : 75° 51'). A full account of the mines has 
been giveij. by Brooke (203 — 2). Hacket (730 — 4, 245) 
says that they are situated near the crest of a ridge, 
about 600 feet above the plain. There are several 
shafts of considerable depth, leading tda gallery said to 
be upwards of 2 miles in length, and following the strike 
of the rocks. The ore, copper pyrites, occurs in small 
strings, and disseminated through the slates. Accord- 
ing to Brooke, the ore, freed from gangue, is finely 
powdered, mixed with cowdung, and roasted before being 
smelted. Iron slag is used as a flux. The metal is 
refined by passing a strong current of air over it when in a 
molten state (B. 262). 

Lalsot (26° 34' : 76° 23'). Traces of copper were seen near a 
small excavation. 

Nabaro (27° 3' : 76° 20'). A few small pits have been sunk 
and a little ore extracted. The debris is stained with 
copper. 

SiNGHANA (28° 6' : 75° 54'). The earliest description of these 
mines was published in 1831 (A. E., 524 — 2), and in 
1835 Prinsep (1436 — 24, 581) remarked on the character 
of the ore. Hacket (730 — 4, 245) describes the mines 
as of large dimensions, excavated in a ridge of quartzite, 
several hundred feet above the level of the plain. Few 
traces of ore were seen, and these consisted of thin strings 
and nests of copper pyrites. The yield was from 2J to 
7| per cent, of copper (B. 260). 

The mines were visited in 1913 by Heron {see Hayden, 793 — 
31, 19), who reports that no copper is now produced, either 
here or at IChetri ; but that alum and soluble sulphates 
are still manufactured from the efELorescence which covers 
the walls of the galleries. The ore does not appear to 
be by any means exhausted. 

Udhala (27° 0' 30" : 76° 20' 30"). Stains of copper are visible 
on the debris surrounding a few small pits. 

j.— M andal (25° 26' 30" : 74° 38'). Old copper mines 

here are mentioned by Hardie (764 — 7, 89). 
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Eewara (25® 8' : 74° 26'). A number of small pits has been 
sunk in schists for a distance of nearly a mile. Hacket (730 — 4, 247> 
thinks that, judging from the small quantity of slags found, the- 
amount of ore raised was not large (B. 263). 

Sirohi. — ^An old copper mine discovered by Major F. C. Hughes’- 
near Rqhira (24° 37' : 73® 1' 30") is mentioned by Griesbach (708— 
31 , 45). There are large heaps of copper slag, but the excavations 
have been filled in. The ore, which contains a small quantity of 
gold, occurs in pyritous schists. 

SIKKIM. 

Copper ores are found at a large number of localities in Sikkim, 
most of which were visited and reported on by Bose (173 — 16 , 223)* 
in 1891. The ores occur among Archaean slates and schists, known 
as the Daling series, in the neighbourhood of great intrusions of 
granite, and often form well defined lodes, though they are also found, 
in strings and nests permeating lenticles of quartz. They consist- 
mainly of chalcopyrite, with iron pyrites, pyrrhotite, blende, and 
galena. The oxidised zone, containing the carbonates azurite and 
malachite, etc,, which is so prominent in Singhbhum, is not so well- 
developed here, owing to the rapid denudation of the surface along 
steep hill slopes under a heavy rainfall. 

The following list of localities includes, in addition to those 
mentioned by Bose, several that have been discovered as the result, 
of prospecting operations carried out in 1907-08 : — 

Bam (27° 13' : 88° 17'). An ore-bearing band 6 ins. thick 
occurs in slaty shales with quartz lenticles. Traces of 
the ore were found on both sides of the Eisi stream. 

Barmiak (27® 13' : 88® 33'). Traces of copper in some de- 
tached blocks of quartzite. 

Bhotang (27° 11' : 88° 34'). There are some fairly exten- 
sive old workings here, situated in a precipitous scarp of, 
slaty rocks overlooking the Teesta E. Recent develop- 
ment work has shown that there are two ore bands, 
about 3 ft. and 2 ft. 6 ins. thick respectively, separated by 
about 10 ft. of slates, and that these are fairly persistent. 
The ore consists of pyrrhotite with varying quantities of 
chalcopyrite, zinc blende, and galena. An average sample 
is said to have yielded 12*21 per cent, of copper. 

Chumbong (27° 8' : 88® 18'). Quartz veins, exposed by a. 
landslip, are traversed by strings and nests of chalco- 
pyrite, which has also impregnated the slates on either side. 
The principal vein is about 4 ft, thick. 
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Dajong- (27° 18' : 88° 26'). Green copper stains are seen on 
cliffs. Chalcopyrite was also found in some quantity 
in quartzose rocks at a spot a mile and a half to the E. 
of this locality. 

Dentam (27° 15' : 88° 11'). About 2 miles along the road to 
Pemionchi a large mass of gneiss below the path is im- 
pregnated with copper pyrites. 

Dikchu or Lindok (27° 28' : 88° 38'). Recent prospecting 
operations have disclosed a lode 3 ft. in width, carrying 
6*14 per cent, of copper. The lode has been followed 
for 200 ft. along the outcrop, and for 80 ft. in an adit, 
where it thickens to 40 ins., and contains 6*8 per cent, 
of copper. The ore here occurs in a zone of highly 
crystalline mica schist, between the Daling series and the 
Sikkim gneiss {see Hayden, '?93 — 26, 74). 

JuGDUM (27° 10' 30" : 88° 17'). At an old mine copper 
pyrites occurs in strings and nests in large lenticles of 
quartz. 

Lingui (27° 13' : 88° 42'). A cupriferous band about 100 yds. 
in length, and about 6 ft. thick, occurs in highly quartzose 
gneiss. 

Mik (27° 8' : 88° 24'). Strings of copper pyrites were ob- 
served in a large detached mass of quartzite. 

Mongbru (27° 17' ; 88° 21'). Copper pyrites occurs in clay 
slates, about a mile to N. B. of the village. 

Pachikhani (27° 12' : 88° 39'). Mines have been worked in 
two places, about a mile apart. The lode at the north- 
ern mine, open at the time of Bose's visit, was about 3 ft. 
in width, and yielded on the average 12 per cent, of copper. 
This mine has recently been destroyed by a landslip. 

Lodes were found by Wilkinson {see 863 , 261) at the follow- 
ing places in the neighbourhood of Pachikhani : — (1) On 
the road from Rungpo to Pakyong, 7 miles from the 
former locality,— Chalcopyrite, concentrated in a zone of 
mica schist 4 ft. wide, yielded an average of 4 per cent. 
Cu. (2) Near the bridge between Rungpo and Rhenok, — 
A quartzose vein averaging 1 ft. in width, carrying 3*97 
per cent. Cu. (3) Near Pakyong, — Two veins, one contain- 
ing galena, the other 3*30 per cent. Cu. with lead, zinc, 
and iron sulplddes. 

Ranglichu (27° 12' : 88° 48'). Fragments of schistose quartzite 
with particles of copper pyrites and ? bornite. Not found 
in situ. 
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Eathokhani (27® 9' 30" : 88® 17'). The mines here were 
being worked in 1874, when they were visited by Mallet 
(1159—6, 75), who calls the place Rattu. The ore occurs 
in lenticles of quartz, sometimes reaching large dimensions, 
as well as disseminated through the surrounding slates. 
These have been greatly shattered by faulting and pressure, 
and are full of water, so that mining is attended with 
g:eat difficulty. Recent development has shown that there, 
is no continuous lode. A sample selected by Mallet 
yielded 9’1 per cent. Cu. More recent samples, taken at 
irregular intervals along a length of 500 ft., gave an 
average of 5*6 per cent, of copper. 

Einchimpong (27® 14' : 88® 18'). Copper ores occur in clay 
slate, and have been worked on a small scale. 

SiRBONG (27® 11' : 88® 19'). A lode of pyrrhotite with chalco- 
pyrite is exposed, with an average thickness of 2 ft. 6 ins. 
The average yield, over a length of 100 ft. of outcrop, 
was 6*45 per cent, of copper. 

Temi (27® 14' : 88® 27'). Chalcopyrite was found in some 
abundance in very hard quartzitic rocks in the Rimpichu, 
about 3 miles to W. N. W. of the village. 

Tukkhani (27® 7' 30" : 88® 26'). The ore in some old mines 
here is said to have been of excellent quality,, but the 
galleries have fallen in. 

UNITED PROVINCES. 

Almora and Oarhwal") rnL t r 4 .v ^ 

(Kumaon) J ’ — copper deposits of the Kumaon 

division attracted a good deal of attention during the first half of 
the last century, when the native industry, which appears to have 
flourished at the time of the Gurkha occupation of the country, was 
in a moribund condition owing to the competition of imported 

copper in the local markets. Several descriptions of the old mines, 
noted below, were published ; but since the year 1855, when the 
last attempt was made to ascertain whether they could be pro- 
fitably worked on modern lines, they received little attention till the 
beginning of the present century. It is therefore not always possible 
to identify the localities mentioned by the earlier writers. The 

subject is dealt with in the following papers and reports : — 

1799. Hardwicke (765, 341) ■) Mines at Dhaotur (30® 13' : 
1810. Raper (1459, 511) [ 79® 10') and Nagpur (30® 19': 

1828. Traill (1797—3, 157) ) 79® 16') in Garhwal are men- 

tioned. Traill also alludes to those at Gangoli (29° 39' 
30" : 80® 6') and Sira (29® 48' : 80® 18') in Almoia. 
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1829. Herbert (827 — 6, 239). A general account of the 

mines. The ore at Dhanpur is said to yield from 30 
per cent, to 50 per cent. Cu. The total production was 
about tons annually. 

1835. McClelland (1117 — 2, IBO, 180). The general condi- 
tions of the industry are discussed, and a description is 
given of the methods of dressing and smelting the ore, which 
are similar to those practised in the Darjeeling district 
[see under Bengal.). 

1838. Drummond (504 — i). A report on the mines at Rai 

(29" 43' : 80" 5') and Sira. In both the lode had been 

worked for a distance of about 60 fathoms, and was 

said to have become richer in depth. 

1839. Glasfurd ( 664 ). Reports progress in opening out the 
old mines at Pokri. (30" 21' : 79" 15' 30"). The yield is 
said to be 10 per cent, to 20 per cent, of copper. 

1842. Herbert (827 — lO, xcvi, cxix). Mentions old copper 
workings at Pokri and Sira. 

1843. Lushington (1105). A final report on the prospecting 
operations ca?:ried out at Pokri between 1838 and 1841. 
Details are given of seven mines, apparently situated 
on a single lode, which is developed along the contact 
of talcose schists with dolomite. The ore occurs at 
times in a well defined lode from 1 to 4 ft. thick ; but 
elsewhere in thin veins or strings distributed through 
50 or 60 feet of rock. 

1846. Reckendorf (1467). An optimistic but rathei; vague 
report on the mines at Pokri and Dhanpur. 

1855. Beckett ( 94 , 73). Describes a mine at Al Aoar (30" 
0' : 79" 20') near Lobha in G-arbwal, and the process of 
smelting. Ore is said to occur in thin veins in a band 
of quartz about 10 ft. in width. The yield is about 3 
per cent. Cu. 

1855, Henwood (825 — l). A detailed report on the results 
of an inspection of the mines in both districts. The 
prospects of working them successfully on modern lines 
are not considered to be encouraging, except in the case of 
Al Aoar, where further prospecting is recommended. 

1856. Barratt (80 — l). Gives particulars of 'three new locali- 
ties, PiPULi, Pringlapani, and Marbtjgetti, in the 
Alaknanda valley, and an account of a visit to some of 
the old mine^. 
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1869, 1871. Lawder ■ (1040 — 1, 87; — 2, 19). Mentions a 
number of localities, and describes specimens of tbe ore. 

1871. Henwood (825 — 3). A summary of tbe information 
gained during tbe inspection made in 1865. 

1877. Atkinson ( 48 , 20). A summary of tbe information 
given by previous writers, with a bistory of tbe attempts 
made to work tbe mines under European supervision. 

1902. Stephens (1694 — 2). An account of tbe geology 
and mineral resources of Kumaon. Tbe copper depo- 
sits are classified as (a) Irregular deposits, occurring in 
brecciated bands of limestone or dolomite from 16 to 
30 ft., in width, traversed by two sets of quartz veins at 
right angles to each other. Tbe veins are impregnated 
with cbalcopyrite in depth, and with carbonates and 
cbalcocite near tbe surface. Tbe ore is often concen- 
trated in bunches at tbe intersection of tbe veins. Tbe 
yield is generally about 5 per cent. Cu. (6) Regular depo- 
sits, occurring in a zone of talcose schists, associated with 
a band of limestone extending for about 50 miles in a 
N. W. direction from Pithagora or Pxthoragarh (29° 
35' ; 80° 16'). Tbe ore, consisting of cbalcopyrite, 
with carbonates and oxides near tbe surface, forms lodes 
from 2 to 6 ft. thick, and not often more than 6 ft. in 
length, in tbe talcose schists, or between tbe latter and the 
limestone. ^ 

Prospecting operations at Rai are described, and a map is 
annexed to the paper showing tbe position of tbe chief 
localities at which tbe deposits have been worked (B, 
267). 

Delira Dun. — Blane ( 145 , 61) mentions a copper mine, said to 
have been formerly worked, near Kalsi (30° 32' : 77° 54'). 

Jhausi. — Saurai (24° 19' : 78° 50'). Rolled fragments of copper 
<ore were found here in a fissure in Bijawar linv stone (Mallet, 1159 — 
2). No lode could be found in situ. The o c, accord'ng to Pid- 
dington (1405 — 28), was the grey oxid^ of copper, tetrahcdrite 
(B. 258). 

COPPERAS see SULPHATES— IRON. 

CORDIERITE ^ee GEM-STONES— lOLETB. 
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CORUNDUM. 

A general account of Indian coxunduna ■was compiled by Holland 
in 1898 (859 — 26), in ■which the characters of the mineral, its geo- 
logical relationships, its geographical distribution, and its economic 
uses were fully described. References to this monograph are dis- 
tinguished below by the letter H. 

ASSAM. 

Khasi and Jaiintia Hills. — Mallet (1159 — 20) in 1879 described 
some specimens of corundum, said to come from Nongryniew (Norin- 
6YA0, 25° 44' : 91° 5'), a village in the Nongstoin State. According 
to Jackson (921), the mineral is found over a very wide area, blit is 
chiefly collected at the villages of Patarknang (25° 38' : 91° 13') 
and Nongmaweit (25° 40' : 91° 4'), and in the Riandu R., a tri- 
butary of the Someshwari. It is found lying on the surface in frag- 
ments of a few pounds in weight, and at the third locality in large 
masses, probably weighing several tons. The corundum is a com- 
pact, finely granular, light grey rock. The sp. gr. is 3’93. It is 
taken to all parts of the hills for sale as hone stones. 

The production in 1912, the only year for which returns are 
available, was 1,400 cwt. (B. 426 ; H. 21). 

BIHAR AND ORISSA. 

Cuttack. — Corundum is reported by Stirling (1706, 179) to be 
found in the Nilgiri hills (21° 25' : 86° 45'), on the N. E. border 
of the district. 

Hazaribagh. — Row (1524, 864) mentions an occurrence of cor- 
undum on the Thtki Ghat (23° 57' : 85° 42'), to the E. of Hazari- 
bagh. 

Manblmm. — An interesting discovery of corundum was made in 
1896 by Warth (1892 — 23 ) at the village of Salbanni (23° 4' : 86° 
20'). A blue variety of the mineral was found in a vein of kyanitc 
from 2 to 3 ft. thick, enclosed in a band of coarse grained quartz 
rock following the boundary between the metamorphic? and the 
transition (Dharwar) series. The vein was traced at intervals for 
a distance of 3 miles on either side of the village (H. 21). 

Monghyr.— Corundum is stated by Hunter (896—2, Vol. XV, 
31) to occur among the hills to the N. E. of Jamei (24° 55' : 86° 17') ; 
but enquiries have failed to confirm the statement (B. 424 ; H. 22). 
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Singhbhum. — An occurrence of corundum at Lopso hill (22^ 
48' : 85° 48') has been recorded by Fermor (577 — 2i). The 
mineral occurs ' in granular crystallin aggregates associated with 
tremolite. It has not yet been found in situ. 

CENTRAL INDIA AOENCY. 

Rewah. — Pipra (23° 58' 30" ; 82° 45'). The earliest accounts 
of the corundum quarries here were compiled in 1820 by Buchanan- 
Hamilton (222 — 6), and in 1845 by Sherwill (1625 — 3), from informa- 
tion obtained at Mirzapur, to which place the mineral was brought 
for sale. A full description of the deposit has been given by Mallet 
(1159 — 5, 20, 43)', who visited the locahty in 1872-73. The co- 
rundum is found in contact with a band of jade, followed by tre- 
mohte and quartz schists on one side, while on the. other it is suc- 
ceeded by prophyxitic gneiss with hornblende rock. It appears 
to form a lenticular bed 30 yds. in width at the centre, but thinning 
out at one end of the outcrop to less than 10 yds. The total length 
of outcrop visible is about half a mile. 

The corundum is a reddish or purphsh grey rock, almost com- 
pact to finely crystalline in texture, with seams of emerald-green 
euphyllite, schorl, and diaspore. 

The average annual output for the five years 1909 to 1913 was 
787 cwt, (B. 424 ; H. 49). 

CENTRAL PROVINCES. 

Piddington (1405 — 4=0) has described specimens of corundum 
said to come from Pohora, a village 60 miles to the right of the 
Eaipur-Calcutta road."’ The locality has not been identified (B* 
424). 


HYDERABAD. 

Warangal. — Walker (1868 — 5, 187) states that fragments of cor- 
undum are found in the watercourses draining the Kannioiri 
HILLS (17° 20' : 80° 40'). They axe also picked up in the fields, 
after rain, near the villages, of Gobuguru (17° 17' : 80° 25'), Bun- 
jur (17° 15' : 80°’ 25'), and Golaguda (17° 15' : 80° 21'), in the 
same neighbourhood (B. 424 ; H. 33). 

MADRAS. 

It has long been known that corundum is widely distributed in 
Southern India. Its occurrence in the Trichinopoly district was 
mentioned in 1798 by Greville (706 — i) ; and the material used 
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by Count de Bouxnon in bis classical memoirs on tbe physical and 
mineralogical properties of corundum (448 — i, — 3) was mainly 
derived from tbe Madras Presidency. Heyne (834—2, 110) says 
that be picked up fragments tbe size of a ben’s egg or larger near 
Bombartipudi, 24 miles from Tirupati in N. Axcot ; and in 1844 
ITewbold (1294 — 38, 153) recorded a number of occurrences of tbe 
mineral in Southern India. Again, in 1857, Balfour (69 — 7) gave 
a full account of tbe materials found in tbe Presidency that are used 
as abrasives, including corundum and garnet. Tbe lapidaries’ wheel 
used in Madras has been described by Lescbenault de la Tour (1062 
— 3). 

Tbe corundum usually occurs, according to Holland (859 — 
26, 11), as a primary constituent of basic rockS containing pyroxene 
and some form of spinel, , either bercynite, pleonaste, or ruby-spinel. 
In most cases intrusions of pegmatite . are found in tbe neighbour- 
hood of tbe corundum-bearing rocks. 

Corundum is known to occur at tbe following locabties ; — 

N. B . — Except where otherwise stated, it ' is found in fragments 
scattered over the fields). 


Anantapur — 


Anantapur Taluk < 


'Atmakus (14° 38' 30" : 77° 26'). 
Danduvabapalli (14° 39' 30" j 77° 46'). 
Pabamatiyelabu (14° 40': 77° 26'). 
Pasalue (14° 39': 77° 44'). 

Eebdipalli (14° 43': 77° 44' 30"). 

SiDDAEAMPUEAM (?). 

^Thimmapueam (14° 42' : 77° 27'). 
c Maddalcheeuvu Sivapueah (14° 26' : 

•j 77° 26'). 

( Motalaohintabpalli (1). 

PUNIGHI (?). 

fMANiEEVXJ (14° 36': 77° 22' 30"). 
INutimadxjgu (14° 29': 77° 23' 30"). 
Kalyandrug Taluk-^ Obalaptjeam (14° 37' : 77° 22'). 

Palavenkatapxjeam (14° 33' : 77° 24'). 

L (H. 36). 


Dbarmavaram 

Taluk 

Hindupur Taluk 


4!oimbatore Gopiohettipalaiyam (11° 27' : 77° 30'). 

Kandyankovil (11° 1' : 77° 32'). 

Kangayam (11° O': 77° 37'). - 
Kaeutapalaiyam (11° 3' : 77° 35'). Tbe mode 
of occurrence of corundum at this locabty has been described 
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by Middlemiss (1219 — 19, 47), and its origin discussed by 
Holland (859 — 34 , 205). The corunduin is considered to have 
been developed as an original constituent in a coarse grained 
felspar rock, surrounding a series of lenticular masses of 
elaeolite syenite extending in a westerly direction from the 
base of Sivamalai hill, the main mass of which is formed 
of the same elaeolite syenite. Both varieties of rook are con- 
sidered to be ‘contemporaneous in origin, and to be due to 
the differentiation of a magma of an alkaline nature, super- 
saturated with alumina (H, 37). 

Padyur (ir 4': 77° '33'). 

Selangapalaiyam (11° 26' : 77° 38'). 

Shigrispalaiyam (11° 28' : 77° 23'). 

Salem* — Paparapatti (12° 13' : 78° 7'). Prospecting operations 
'Carried out by Middlemiss (1219 — 19 , 43 ; — 21 ) in this neighbour- 
hood have shown that the corundum occurs in a number of lenticles, 
■composed mainly of orthoclase felspar, disposed in parallel bands 
along the strike of a series of well foliated p 3 n:oxene granuUtes 
(charnockites), traversed by veins of coarse red and purple granite. 
Each corundum crystal is imbedded in a shell of a purer orthoclase 
•than that forming the matrix of the lenticle. A quantitative 
-experiment showed that the proportion of corundum may anaount 
to 3*5 per cent, of the matrix. - The band of lenticles, some of 
which meature 15 ft. in length, has been traced at intervals by 
surface indications for a distance of nearly 40 miles, from Donna- 
KUTTAHALLi (12° 0' : 77° 57') on the Cauvery to Chintalakuttai 
near Eayakottai (12° 31' : 78° 6') — (H. ■ 41). 

A similar occurrence of corundum was noted in an old pit situated 
-a mile to the S. of the 6th milestone on the road from Dharmapuri 
( 12° 8' : 78° 13') to Morappur. Pragments were also found at a 
spot two miles to the N. of the milestone. 

Rengopuram (12° 9' ; 78° O'). Abundant fragments occur at 
,a spot 2 miles to N. by E. from the village. 

SiTTAMPUNDi (11° 14' : 77° 58'). The area over which corun- 
dum is sa’d to occur measures about 4 miles in length, by 2 miles 
in breadth at the widest part. Where seen in situ, the corundum 
is disposed in the form of porphyritic crystals through an anorthite* 
hornblende gneiss, associated with very coarse grained binary gra- 
nite. The coriBidum crystals are of a greenish grey, #irely flesh 
colour, and are enclosed in a shell of calcite. The flesh coloured 
variety closely resembles the felspar of the, granite, but may be 
■distinguished from it by the trace of the cleavage planes, which 
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appears on the crystal face» as a system of fine, parallel lines. A 
few are of a red colour, passing into ruby (H. 59). 

South Kanara . Bandab (12° 52' : 75° 23'). 

Ellenir(?). 

Hirebandady (12° 48' : 75° 19'). 

Kadikar (?). 

Kemmar (12° 49' : 75° 20' 30"). 

Malekai (12° 46' : 75° 36'). 

All these localities are situated in the Uppinangadi Taluk. 
Their position suggests that they form a continuation in a N. N. W. 
direction of the corundum deposits of Mysore (H. 44). 

The average annual- output of corundum in the Madras Presi- 
dency during the four years 1910 to 1913 was 2,012 cwt. 


MYSORE. 

The existence of corundum in the Bangalore district was noted 
by Clark ( 321 — 2 , 121) in 1839, and in the following year Newbold: 
(1294 — 16, 46 ; — 29 , 219) described its mode of occurrence at Gold- 
shalli (IGollarhoshalli, 12° 59' : 76° 28') and Kalkairi (12° 58' 
30" : 76° ^') in the Hassan district, where it was obtained from shallow 
pits along the outcrop of talcose schists penetrated by veins of peg- 
matite. 

A considerable amount of prospecting work has been under- 
taken in recent years by officers of the Mysore Geological Survey, 
and the results have been published in the Records of that Depart- 
ment. The mineral usually occurs in loose fragments scattered 
through the soil or spread over the surface of the fields ; but in 
some cases, noted below, it is foimd m situ, Holland has drawn 
attention to the fact that in certain cases the schists in which the 
corundum occurs adjoin basic and ultra-basic intrusions, associated 
with rocks made up almost entirely of granular hypersthene 
magnetic iron ore, and hercynite (H. 44-49). 

The localities examined are : — 

itangalore. — (Primrose, 1481 — 8 , 218). 

BaiJIrkotta (12° 49' : 77° 38'). 

Hoshalli (13° 26' 30" : 77° 31' 30"). 

Hulkunte (13° 16' 30" : 77° 25'). 

Komhalli .(13° 11' 30" : 77° 31'). 
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Qassan. — (Piimrose, 1431 — lo, 165). 

Agrahab (13° 3' : 76° 22'). 

Belgtjmba (1 mile to S. W. of Agrahar), 

Gollarhoshalli (12° 59' : 76° 28'). 

Hagabb (13° 7' 30" : 76° 3'). 

Hole Narsipxjr (12° 47' ; 76° 18'). . 

Nagenhalli (13° 14' : 76° 15'). 

Kadnr. — (Evans, 555 — 5 ; Primrose, 1431 — lo, 165 ; Sampat 

Iyengar, 1549 — ll, 68). , 

Byrladhallj (13° 26': 76° 4"). 

Kadamane (l3° 26' 30" ; 75° 18'). In a mica-chlorite layer 
at the contact of amphibolite rock with gneiss or pegma- 
tite. Quantity small. 

SuNKTJRDi (13° 25' : 75° 18' 30"). In highly decomposed am- 
phibolite rock. Quantity small. 

Holar. — (Primrose, 1431 — 8, 219 ; Venkataramaiya, 1838 — 2, 92 ; 
—3, 166). 

Bevluhalli (13° 30' : 77° 31' 30"). 

Bowringpet (12° 59' : 78° 14'). 

Kamasandra (12° 52' 30" : 78° 16'). In decomposed peg- 
matite veins and in boulders of a hard grey serioitio 
rock. " 

Korlapati (13° 33' 30"; 78° 2'). 

Maohenhalli (13° 32' : 77° 30'). In pegmatite .veins. 

SiDiLi (13° 37' 30" : 77° 56'). 

Mysore. — (Evans, 555 — 2 ; Primrose, 1431 — i ; — 2 ; — 8, 216 ; 
Samhasiva Iyer, 1548 — ii; Balaji Eao, 68 — 1). 

Ankanhalli (12° 20' ; 76° 33'). 

Arsinkbre (12° 30' 30" : 77° 5'). 

Bannikxtppe (12° 19' : 76° 25'). 

Basaralu (12° 42' 30" : 76° 53'). 

Basvanhalli (12° 21' : 76° 57'). As deep red crystals, 
associated with a soft olive green mineral, in highly 
micaceous gneiss. 

Bellendigerb (12° 34' : 77° O'). As minute grains in mica- 
ceous gneiss. 

Bidarhallibundi (12° 21' : 76° 50'). 

Bommanhalli (12° 19' : 76° 35'). In highly micaceous 

gneiss and in a talcose matrix. 
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Budihoskote (12° 26' : 76° S3'). 

Btigathalli (12° 24' : 77° 5' 30"). 

BtjtgahallI (12° 22' ; 76° 54'). 

Chaudanhalli (12° 44' : 76° 28' 30"). 

Chattanhalli (12° 12' : 76° 37'). As small dark crystals in. 
a wMte matrix. 

CaiK Biohanhalli (12° 17' 30" : 76° 30'). 

Dharmaptje (12° 14' : 76° 26' 30"). 

Golambede (?). 

Gumsihalli (12° 11' 30": 76° 32'). In a massive grey crys- 
talline rook intrusive in gneiss. 

Guedevaehalli (12° 31' : 77° 5' 30"). 

Hxjnsur (12° 18' : 76° 21'). 

Kampagowd Koppal (12° 24' : 76° 68' 30"). 

Kaniyanbxjndi Hosub, (12° 14' : 76° 33'). In a matrix of" 
softer grey crystals. 

Kieagandue (12° 31' : 76° 55' 30"). * 

Kupya (12° 17' : 76° 53'). As small red crptals, enveloped;' 
in a pale pinite-like mineral, in grapkitic and talcose,. 
highly micaceous gneiss. 

Linghaptjr (12° 43' : 76° 30'). 

Madgahalli (12° 21' 30" : 76° 54' 30"). 

MANiKPxm (12° 18': 76° 35'). In a pale greenish steatitic 
material. 

Maeiyanhundi (12° 17' : 76° 32'). 

Nadappanhalli (12° 15' 30" : 76° 26' 30"). In a matrix of 
soft dark grey crystals, forming rounded masses in a 
decomposed talcose schist. The deposit was being sys- 
tematically worked in 1898. 

Nehmakanbaili (12° 25' : 77° 6'). In a thin irregular vein, 
in a matrix of pale decomposed calcareous rock. 

Ntjghalli (12° 17' : 76° 35'). Black corundum occurs spar- 
ingly in a granitoid mass of steatiterhke material. 

PiTNJTTR (11° 46' 30" : 77° 10' 30"). 

Btjea (12° 28' 30" : 77° O'). 

Eamanhalli (12° 30' : 76° 57'). 

Eamnatpue (?). 

SannakikoppaIi (12° 21': 76° 58'). As separate crystals or- 
massive aggregates in a soft, friable and decomposed 
white material, apparently originally hornblendio gneiss.- 
In one pit associated -with a porphyry dyke. 

Saegxtr (12° 15': 76° 34'). 

Satnge (12° 33' 30": 76' 68'). 
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Shbnapatahalli (12° 18' 30" : 76° 54'). 

Shibenhalli (12° 35' : 77° 7'). 

SiNGANMAEUAHALLI (12° 12' : 76° 30'). 

Taohalli (12° 29' : 77° O'). 

Taeasanhalli (12° 31' : 76° 54'). 

TAevalii (12° 1' 30" : 76° 59' 30"). In an irregular vein 1 to 
2 ft. wide, between decomposed gneiss and micaceous 
talcose rock. 

Tipptje (12° 30' 30" ; 77° 11'). 

Vaddae Hoshalli (12° 17' : 76° 29'). As small crystals 
in a soft dark grey mineral. 

Waddaepalaita (12° 16' 30" : 76° 50). In pegmatite. 
Yelohodi (12° 19' : 76° 30'). 

Yeeahalli (12° 31' : 76° 53'). 

Yeeekalmonti (I mile to S. W. of Bommanballi). As 
minute granular crystals in a tbin band of mica schist ; 
aL«o in a vein of pegmatite 1 ft. wide. 

Tumknr. — (Primrose, 1431 — 8, 218). 

Corundum is reported to occur at several places in the following 
Taluks : — 

Koetagbee (13° 31' ; 77° 18'). 

Kunigal (13° 1' : 77° 5'). 

Maddagibi (13° 40' : 77° 16'). 

Pavagada (14° 6' : 77° 20' 30"). 

SiEA (13° 44' 30" ; 76° 58'). 

The exact localities are not mentioned. 

The average annual output of corundum in Mysore, during the 
quinquennial period 1909 to 1913, was 2,434 cwt. The greater 
portion of the production of this mineral recorded in India during 
1914 and 1915, namely 2,360 and 1,246 cwt. respectively, came"' 
from this State. 

NEPAL. 

Buchanan-Hamilton (222—3, 79) states that corundum is_ found 
in detached masses on the hill slopes near Isma and Musikot(?). 
It is said to occur in large quantities. 

DIAMOND, see under GEM-STONES. 

DICHROITE, see GEM-STONES— lOUTE. 

EPSOMITE. see SULPHATES- MAGNESIUM. 

145 


ElRE-CSiAY. 


FIRE-CLAY. 

ASSAM. ■ 

Kbasi and Jaintia Hills. — Samples of clay obtained by Bose 
near Jawat (25° 26' : 92° 16') have been tested by Messrs. Burn 
and Co., and foimd to make excellent fire-bricks j capable of 
withstanding great heat. Good coal occurs in the neighbourhood 
{see Holland, 859 — 38 , 10 ). 

Lakhimpur. — A sample of crude clay from the coal measures at 
MaEum (27° 18': 95°' 41'), when exposed to a temperature sufficient 
to melt wrought iron, was found by Smith ( 1665 , 60) to exhibit 
indications of softening to a certain extent. The quality of the 
clay might be improved by washing out the iron pyrites and coaly 
matter which it contains. 

BIHAR AND ORISSA. 

Bhagalpur. — Sandy clays suitable for the manufacture of fire- 
bricks are interstratified, according to Blanford (147 — li, 146) 
with the white pottery clays of Patarohatta hill (25° 20' : 87° 18') 
near Colgong. The results of experiments on these clays, con- 
ducted by O^Shaughnessy, were published iii 1839 in the Bengal 
Dispensatory and Pharmacopoeia, p. 700. Crucibles and fire-bricks 
made from them were considered to be equal in quality to articles 
imported from Europe (B. 568). 

Manbbum. — A series of tests carried out by Hughes and Medlicott 
(889) on fire-bricks made from clay obtained in the neighbourhood 
of Mallapur, in the Raniganj coal field, showed that compared 
with Glenboig fiLre-bricks they were inferior, but compared with 
Stourbridge bricks they were somewhat superior. At the tempera- 
ture at which the experiments were conducted, considerably higher 
than the melting point of cast iron, the edges of the bricks resisted 
fusion, but all were cracked to some extent (B. 568). 

Santal Parganas. — Many of the beds of clay associated with 
the inferior coal seams exposed on the western side of the Rajmahal 
mils have been found to furnish material suitable for the manufac- 
ture of fire-bricks. An exhaustive series of trials of clay from a 
number of localities has recently been made by Murray Stuart 
(1723 — 3 , 138). The following particulars of the thickness of the 
beds and quality of the material are abstracted from his report : — 

Baego 24° 31' : 87° 27'). { 2' 2 ft} 
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BHULaoRA (24° 57' : 87° 28'). 8 ft. Vitrifies sKghtly. 

Bora .Ghat (25° 1' : 87° 26'). ^ J*' ]■ Infusible, 

Btjeari (24° 57' : 87° 29'). 2 ft. 6 ins. Infusible. 
Chilgo (24° 33' : 87° 31'). 3 ft. Vitrifies slightly. 

fl. 3 ft. Vitrifies slightly. 


Dhumni (24° 47' 30" ; 87° 32'). 


Dhumabhita (24° 42' : 87° 
Gilhurria (24° 51' : 87° 

Gtjgri (24° 44' : 87° 31'). 
Hura (24° 59' ; 87° 27'). 


2. 3 ft. 6 ins. Infusible, 

3. 3 ft. 9 ins. Vitrifies slightly. 

4. 4 ft. Infusible. 

_ 5. 3 ft. Vitrifies slightly. 

3 ft. 9 ins. Vitrifies slightly. 
33'). 4 ft. Infusible. 

28'). 3 ft. Infusible. 

{ 2 . 4 ft. }l«f«sible. 

ri. 2 . ft. Bins. Infusible. 

^2. 2 ft. 3 ins. Fusible and use- 
less. 

8r28’30-). {>; 

Khijaeia (24° 12' : 87° 19'). 6 ft. Vitrifies slightly. 

Lohandia (25° 3' : 87° 26'). | g 3 ft } Infusible. 

Narganjo (24° 25' : 87° .27'). 1 ft. 6 ins. Vitrifies slightly. 

Eohri (24° 59' 30" : 87° 28'). {g’ 4 ® } Infusible. 

Salduipa (24° 19' : 87° 34' 30"). 4 ft. Vitrifies slightly. 

fl. 2 ft. 3 ins. Infusible. 

SiMLONG (24° 45' : 87° 30').<( 2. 8 ft. Vitrifies slightly. 

(^3. 2 ft. Infusible. 

fl. 3 ft. Infusible. 

SiMRU BUNGALOW (25° 2' : 87° 24'). 2. 2 ft. Vitrifies very 

slightly. 

SiMRU Ghat (25° 1' : 87° 23'). 2 ft. Infusible. 

SuRWA (24° 27': 87° 32') {I' 

' ' 1 2. 3 ft. Infusible. 

Telbhita (24° 48' : 87° 28' 30") -f ^ f slightly. 

M. 2. 3 ft. Infusible. 

Umeapani (24° 16' 30" : 87° 35'). 3 ft. Vitrifies slightly. 

BURMA. 

Amherst. — Turner (1819 — 3) has reported the occurrence of fire- 
clay of excellent quality near the military cantonment at Maulmein 
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(16° 30' : 97° 40'). O'Riley (1340 — 3, 742) also states that it is 
found on the banks of the Gyaing and Ataran rivers, but does not 
give the exact localities. .. 

CENTRAL INDIA AGENCY. 

Gwalior. — A bed of * soft white clay in the lower portion of the 
Morar group exposed near Raipthi (26° 8' : 78° 8') is considered, 
from tests made by H. C. Jones {see La Touche, 1034r— 39, 97), 
to be capable of furnishing good fire-bricks. 

Re wall.— In the neighbourhood of Umaria thick beds of white 
clay belonging to the Jubbulpore group (upper Gondwana) crop 
out from beneath the Lameta limestones. Samples of some of these 
clays were tested by Mallet (1159 — 36, 114 ; —62, 142), and found 
to be quite infusible, while others softened slightly at a white heat. 
They have been observed at the following localities, but probably 
occur in many other places : — 

Amdari (23° 28' 30" : 80° 40'). Occurs in considerable 
quantity." 

Baroxjdi (23° 0' 30" : 80° 44'). About 40 ft. of white clay 
and earthy sandstone. 

Mahanadi R., W. of Chandia (23° 39' : 80° 46'). Beds of 
white and greyish white clay, 4 to 5 ft. thick, exposed 
for a distance of more than a mile on both banks. 

A sample from a seam of greyish white clay, 3 ft. thick, exposed 
in a railway cutting close to the Umaria colliery, and met with in 
all the wells in the vicinity, was found on being tested to be quite 
infusible. 

CENTRAL PROVINCES. 

Chanda. — Bunning (231, 91) has recorded the existence of a 
stratum of fire-clay, 11 ft. 3 ins. in thickness, at the Warora col- 
liery, above No. 2 seam. The lower portion, 3 ft. 9 ins. thick, is a 
pure white clay. 

Jubbulpore. — Some of the white upper Gondwana clays, now 
largely used in the pottery works at Jubbulpore, have been tested 
by Mallet (1159 — 36, 114 ; — 62) and found to be exceedingly 
refractory. Samples exposed for an hour to a white heat showed 
no signs of fusion, but contracted 1-I4th in length, and became 
suflGiciently hard to scratch glass. The clays contain less than 1 per 
cent, of lime and magnesia respectively. 
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HYDERABAD. 

Voysey (1853 — 5 , 246) remarks that the steel manufacturers at 
Eone Samudram (18° 44' : 78° 35') use clay obtained locally for 
building their furnaces and making crucibles. It is said to be highly 
refractory, but becomes semi-vitrified when exposed to long con-' 
tinned heat. 

MYSORE. 

Bangalore. — Sen (1606 — 4, 137) has described a deposit of clay 
occurring a mile and a half from Golhalli (13° 9' : 77° 29'), which 
is used by the City Tile and Brick Works at Bangalore for the manu- 
facture of fire-bricks. About 600 tons are used annually. 

FLUOR-SPAR. 


CENTRAL INDIA AGENCY. 

Rewah. — Mallet (1159 — 3, 122) states that he has observed, 
fluor-spar in the Bhander (Upper Yindhyan) limestones, but in 
quantity so small as to be of no economic value (B. 449). 


CENTRAL PROVINCES. 

Drug. — Fluor-spar is associated with galena and carbonate of 
copper in a quartz vein traversing , gneiss at Chi5holi (21° 4' : 80° 
44'), and has been described by Oldham (1326 — 46 ) and Blanford 
148-723). It appears to occur in small quantities only (B. 449). 

Jubbulpore. — ^Minute crystals of fluorite have been detected by 
Fermor ( 577 — 6) in a vein of altered quartz porphyry, carrying ores* 
of copper and lead, at Sleemanabad (23° 38' 30" : 80° 19'). 


PUNJAB. 


(B^bdi)}’ * — green crystals of fluor-spar were detected by 

Mallet (1159 — i, 166) among the minerals of albite-granite veins 
at Wangtu bridoe (31° 32' : 78° 4'). They were of very rare oc- 
currence (B. 449). 


RAJPUTANA. 

Hishangarh. — An occurrence of fluor-spar at Barla (26° 29' : 
75° r 30") is mentioned in the Quinquennial Review of mineral 
production (862, 267). The mineral apparently forms a vein with, 
calcite and quartz, about, a foot in thickness, traversing gneiss, 
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FULLER^S EARTH. 

Fuller s earth is used in India not only for the washing of cloth, 
but constitutes the principal part of the various earths that are sold 
lin the bazaars for edible purposes. The earth-eating habit, which 
is prevalent in all parts of the country, has recently been made 
•the subject of an exhaustive monograph by Hooper and Mann (869). 

ASSAM. 

nfauipur. — An unctuous clayey rock obtained, according to Old- 
ham (1324 3, 241), from a small hill to the left of the main road 
leading northwards from the city of Manipur, is sold in the bazaar 
;as a delicacy to which medical virtues are attributed. 

BIHAR AND ORISSA. 

Bhagalpiir. — Fuller^s earth is said to be associated with the 
pottery clays of Patarghatta hill (25^ 20' : 87° 18'), and is men- 
tioned by Ball (71—26,^ 240) as being sold in the Calcutta bazaars 
under the name of RdjnhaJial mitti. It is known locally as scihun 
.mitti, = soap-earth (B. 565, 570). 

BOMBAY. 

Sind. Blanford (i.48 — C3, 195) states that a pale greenish clay 
found in the southern portion of the Laki range, and near Hyder- 
.abad (25° 23' : 68° 26'), is used for washing cloth, etc., and is eaten 
by pregnant women (B. 571). 

CENTRAL PROVINCES. 

Jubbulpore. — In the Quinquennial Reviews of mineral produc- 
tion issued by the Geological Survey (861, 230 ; 862, 252), a con- 
siderable amount of fuller's earth is recorded as having been raised 
at Katni (23° 50' : 80° 28'), where it .occurs in Lower Vindhyan 
rocks. The average annual output for the five years 1909 to 1913 
was 100 tons. 


HYDERABAD. 

Heyne (834 — 2, 273) mentions having found fuller's earth in 
this State, but gives no particulars regarding the locality. 

MADRAS. 

Anantapur. — Outputs of 30 and 52 tons of fuller's earth in the 
years 1911 and 1912 respectively are recorded from this district 
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in the Quinquennial Eeview of mineral production for 1909 to 1913 ■ 
(862, 253), but no particulars of the locality or nature of the deposits 
are given. 

PUNJAB. 


Dera Ghazi Ehan.— Ball states (71—45, 571), on the authority 
of Captain Pollock, that about 360 tons of a clay resembling fuller's, 
earth were imported annually from the interior of the Suleiman 
EANGE. A variety -called sahz mini, =green earth, used for cleans- 
ing the hair, was also brought to Multan from Vadue (30° 5' : 70° 
36'), to the amount of about 7 tons annually. 


(Salt Range) /' — lavender coloured clay, considered to be a 

decomposed volcanic ash, exposed in the Nilawan ravine S. of 
Nuepue (32° 40' : 72° 39') and elsewhere, is used according to- 
Wynne (1975 — 18, 300), as a detergent (B. 571) 


RAJPUTANA. 

Ajmer. — Puller’s earth is said by Irvine (910 — 1, 164) to have- 
been obtained near Ajmee from fissures in quartz and schistose 
rocks, with carbonate of lime (B. 670). 


Bikaner. — The yellow unctuous clay widely known in India as- 
MuUani mitti, and used in a half-baked condition as a comestible,, 
is quarried on a large scale at the village of Mae or Mexh (27° 51' : 
73° O') near Kolaith, and exported to Multan and other towns in. 
Northern India. According to Powlett (1428 — l, 97), writing in. 
1874, about 2,000 camel loads were sent from the quarries annually. 
The clay is of Eocene (nummulitic) age (B. 370). 

Thick beds of a similar clay. were met with, interstratified with 
nummulitio limestone, in sinking the well at Palana (27° 51' : ■ 
73° 19') in which coal was discovered in the year 1896 (La Touche, 
1034 — 24 , 123). A considerable quantity was raised and exported 
during the progress of the prospecting operations. 

Jaisalmer. — Oldham (1324 — 18, 160) mentions the occurrence of 
MuUani mitti at the village of Mandae, about 5 miles to the N. of 
Khewalsie (27° 15': '70° 54'). It is quarried and exported on a 
considerable scale. 

The amount of fuller’s earth raised in Bikaner and Jaisalmer 
in the year 1904 was 534 tons, according to the Quinquennial Review 
of mineral production for 1904-08 (861, 230). No returns appear: 
to have been received for succeeding years. 
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(*^dhpur)}' — Large quantities of fuller's earth or Multani mitti 

are quarried, according to Walter (1879, 67) at Kapuxi (?) in 
Banner, and exported to Sind, etc. A production of 1,000 tons 
is recorded for the year 1913 (862, 253). 

GADOLINTTE, see under RARE MINERALS. 


GARNET, see under GEM-STONES. 

GEM-STONES— AGATE. 

Agate and its varieties, carnelian, onyx, etc., are of common 
-occurrence in the amygdaloidal flo'^s of the Deccan and Rajmahal 
traps, and the chief sources of supply are the rivers that drain the 
. areas covered by these rocks. A list of the minerals that are derived 
by weathering from the Deccan trap was given in 1844 by Newbold 
(1294 — 38 , 37), who particularly mentions the beds of the Kistna, 
Godavari, and Bhima rivers, and the plain of Bijapur in the Bombay 
Presidency, as afiordmg agate pebbles. They are also found in 
abundance in the valley of the Narbada, especially at Bhekaghat, 
or the Marble Rooks (23® 7' : 79® 51'), whence the material em- 
ployed by the lapidaries of Jubbulpore is largely derived. Localities 
‘.specially mentioned by other writers are noted below. 


BIHAR AND ORISSA. 

Santhal Parganas. — ^Nodules of agate, derived from the flows 
of amygdaloidal basalt which overlie the Gondwana coal measures, 
are found in some abundance among the Eajmahal hills, but. have 
hitherto been neglected by the inhabitants. Sherwill (1626 — 14 , 
48) especially ' mentions a locality 2 miles to the N. of Burhait 
{24® 53' : 87® 40®), in the centre of the hills, where a bed of agate 
nodules extends for a mile from east to west (B. 505). 

BOMBAY. 

Alimadabad. — Veined agates* from Ranpur (22® 21' : 71® 46') 

• are mentioned by Campbell (274) as the most valuable material 
worked into ornaments by the lapidaries of Cambay. They are 
found near the surface in pebbles of various shapes, not more than 
■Jib. in weight, and take a high polish (B. 608). 


Kaira.— The town of Kapadvanj (23® 2' : 73® 8') has given its 
name to a variety of agate much prized by the lapidaries of Cambay. 
■.It is found at Kapadvanj itself, and in the bed of the Majam R. 
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between Mandva and Amliyaha (23° 13' : 73° 6'), in kidney and. 
almond-sbaped balls from Jib. to lOlbs. in weight. Some of tie 
pieces are of the variety known as landscape agate (B. 508). 


Kathiawar. — ^Pedden (569 — e, 134) mentions the occurrence of 
a large irregular vein of moss agate in decomposed amygdaloidal 
trap at Khuabia, 3 miles to the W. N. W. of Tankaba (22° 40' : 
70° 48' 30") in tbe Motvi State. It is also found, according to Sum- 
mers (1726—1, 319), in massive blocks forming layers about 2 ft. 
below the surface. Common agate of a greyish white colour is found 
in the same neighbourhood. The stones are purchased by traders 
from Cambay, where they are worked up into ornaments (B. 608). 

Adye (11, 60) gives the following additional localities for moss 
agate : — ^Latipue (22° 37' 30" : 70° 35') and the villages of Timbbi, 
Otaia, and Thoriali, within 7 miles to the E. N. E. and S. E. of 
this town ; also between Jiwaptje (22° 49' : 70° 40' 30") and Baban- 
TUB (22° 47' 30" : 70° 40'). At these places it occurs in fragments 
scattered over the surface of the ground.* It was found in a vein 
exposed about half a mile to S. W. of Khaxhba (22° 22' : 70° 30'). 
Adye has also described { 1 . c., 143) extensive beds of agate and 
chalcedony conglomerate, forming old river terraces in thfr neigh- 
bourhood of Vbkatia (22° 23' : 70° 26').' 


Rewa Kan^thal ^ chief source from which the carnelian 
(Bajpipla) J • • . « 

and agate workers of Cambay are supplied is situated in the State 
of Rajpipla, near the village of Eatanpub (21° 43' 30" : 73° 14' 
30"). The industry is said to have flourished for more than 2,000 
years, but according to. Bose ( 173 — 23 . 176), the first authentic 
accoimts of it date from the beginning of the sixteenth century, when 
an Abyssinian merchant named Bawaghor is said to have estab- 
lished an agate factory at Limodba (21° 44': 73° 12 30 ), between 
Ratanpur and the l7arbada, where the preliminary operations in the 
treatment of the stones are still carried on. The subject has been 
dealt with by the following writers : — 

1727. Hamilton (744, Vol. I, 143). Mentions the agate 
industry of Cambay.' ' , . 

1788. Hove (873, 51). Describes the process of pohshing 


the carnelians. 

1813. Milburn (1224, Vol. I, 278). Gives statistics of the 
sale of carnelians for the years 1804 to 1808. 

1815. Copland (361—1; —2). A full description of the 
mines and of the method of treating the stones. 
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1815. Barnes (77). A brief accoun tof the industry. 

1821. Willoughby ( 1938 , 269). Describes the mines, and. 
gives statistics of the yield. 

1827. Kennedy ( 980 ). An account of the mines compiled 
from information obtained in Cambay. 

1835. Lord (1091 — l). Describes the process of manufac- 
turing ornaments. 

1836. Lush (1104 — i, 766). A brief account of the mines. 

1838. Fulljames (629 — 4 ). Account of a visit to the mines. 

1851-1854. Summers (1726 — 1 ; — 2). A full description of 

the carnelian and agate trade of Cambay. ^ 

1853. Anon. (35 — 15 ). A brief account, with statistics of 
export. 

1867. Blanford (148 — 22, 381). A brief notice. The agate 
bearing gravels are stated to be of Tertiary age. > 

1881. Campbell (274). A detailed summary of the infor- 
mation given by previous writers {9ee also Ball, 71 — 45,. 
606). 

1908. Vyas ( 1856 ). Describes the preSent condition of the* 
mines, and the inethod of preparing the stones for market. 

1908. Bose (173 — 23 , 176). A full description of the geology 
of the area, with notes on the mining methods employed, 
and the treatment of the stones. 

o 

The conglomerates in which the agates occur cover an area of 
about 4 square miles, and are of Pliocene age, according to Bose. 
The most valuable stones are found ^in a stratum of ferruginous 
clay, not more than a foot in thickness, which is worked at a depth 
of between 25 and 70 feet from the surface. The system of mining 
is extremely primitive and wasteful, since the shafts are 'abandoned 
and become filled in during each monsoon, and -fresh ones must be 
sunk at the beginning of the dry season, when work is resumed. 
The stones extracted are taken to Limodra where they are exposed 
to the sun for about 4 months, and are then partis^ly baked in earthen 
pots, over a slow fire, in order to improve the colour. The stones 
are then chipped in^ order to exhibit the colour and ascertain whether 
they are flawed or cracked, and are finally sent to Cambay to be 
worked into bowls, knife-handles, beads, etc. 

The production of " carnelian stones ^ from the Rajpipla mines- 
recorded in 1913 was 103 tons, valued at £250. In 1914 it was- 
practically the same, 101 tons valued at £175*; but in 1915 the out- 
put increased to 508 tons, valued at £1,019. 
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KASHMIR. 

Rudok. — Godwin-Austen (669 — 8, 362) mentions the occurrence 
of fine agates and canieliaiis in a small ravine at the spot where the 
southern spur from Chamkang abuts on the Eyamgo Traggar 
(34° 20' : 79° 18'), to the N. of the Pangong Lake. 


MADRAS. 

Godavari. — Benza (110 — 4 , 53) states that large quantities of 
agate, jasper and carnelian pebbles are collected from the bed of 
the Godavari R. near Rajamahendri (17° 0' : 81° 50'). 

Guntur. — ^Newbold (1294 — 23 , 936) alludes to the abundance of 
pebbles of agate, onyx, etc., that are found in the j^luvium of the 
Kistna R. in the Palnad^ 

AMETHYST. 


BIHAR AND ORISSA. 

Santal Parganas. — Geodes of quartz lined with crystals of ame- 
thyst sometimes measuring several inches in length are stated by 
Sherwill (162S — 9 , 576) to occur in a bed of chalcedony exposed at the 
foot of a range of basaltic hills, 2 miles to the W. of Bijrhait (24° 63' : 
87°^40'). 


CENTRAL PROVINCES. 

Jubbulpore. — Small amethysts, occurring in Deccan trap geodes^ 
are collected from the bed of the Narbada R. near Jubbulpore,. 
and used for jewellery and beads (862, 269). 


HYDERABAD. 

Malcolmson (1158 — 7 , 102) and Newbold (1294: — 61 , 483) men- 
tion the occurrence of amethystine quartz in granite in the neigh- 
bourhood of Hyderabad. Heyne (834 — 2, 264) also mentions the 
occurrence, and says that opal, chalcedony, and carnelians are also 
found here. 


PUNJAB. 

Bashahr. — Amethyst is found at several localities in the valley 
of the Sutlej E., according to Hayden (798 — 9, 102). 
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APATITE. 

BURMA. 

Ruby mines. — Apatite in well defined crystals of a beautiful 
and unusual blue colour is sometimes found in tbe hyon, or gem- 
gravel of Mogok (Brown and Judd, 208, 212). 

MADRAS. 

Vizagapatam. — Fermor (577 — 32 , 206, 1073) mentions a dis- 
covery of apatite crystals, of a beautiful deep sea-green colour, at 
Dbvada (18® 15' : 83® 37' 30"). The crystals measure up to 5 ins. in 
diameter, and occur in a spandite-f elspar rock. Several hundred- 
weights are said to have been obtained. A veinlet of lavender 
coloured apatite was also found in spandite-rock at the manganese 
mine of Kodtjr (18° 16' 30" : 83® 36' 30"), but the mineral is much 
flawed (Z. c., 205). 

BERYL. 

Beryls of large size are occasionally met with in the mica-bearing 
pegmatites of Bihar and Nellore, and in some of the Himalayan 
granites. Mallet (1169 — i, 168) has noted their occurrence in albite 
granite at Wangtu bkidge (31® 32' : 78® 4'), and for some miles 
above that place in the valleys of the Sutlej and Wangar rivers ; 
and La Touche (1034 — 14 , 65) found large crystals in a vein of 
granite 4 miles to the W. of Maohel (33° 25' : 76® 24') in Kashmir. 
In all these cases the mineral is of poor colour and merely translucent, 
so that it is of no value as a gem-stone. 

BIHAR AND ORISSA. 

Ilazaribagh. — Small crystals of yellow beryl are abundant, accord- 
ing to Mallet (1159 — 7 , 43), in a large dyke crossing the Tendwaha 
stream south of Mahabar hill (24° 43' : 85® 50') in the northern 
part of the district. 

BURMA. 

Mason (1185 — l, 28) states that beryls are found in the sands of 
the Irrawaddy, and suggests that they might also be found in the 
streams descending from the granite hills to the east (B. 521). 

MADRAS. 

Coimbatore. — Padyur or Pattalai (11° 3' 30" : 77® 33'). The 
earliest account of the beryl mines at this locality was given in 1822 
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by Lesehenault de la Tour (1062 — 2, 262), who visited them when 
they were being worked by Mr. J. M. Heath, afterwards Manager 
of the Porto Novo Ironworks. In 1840, when the mines were 
described by Newbold (1294 — 22; — 45, 772), they had been aban- 
doned for some years, all the easily accessible material having been 
worked out. The mines have also been described by Walhouse 
(1867—1). The gems were found lining cavities formed by inter- 
lacing crystals of clevelandite, one of the accessory nodnerals in a 
vein of porphyritic granite or pegmatite, intrusive along the contact 
of gneiss mth mica schists. They were of the clear blue or sea- 
green variety known as aquamarine. Nicholson (1302, 23) states 
that in 1819-20 the mine yielded 2,196 stones weighing 22 lbs., and 
valued at £1,210 (B. 520). 

MYSORE. 

Mysore. — Sambasiva Iyer (1548 — ii, 42) mentions the occur- 
rence of pale yellow-green and bluish-green beryls in veins of peg- 
matite near the tank bund at Melkote (12° 40' : 76° 42' 30"), and 
to the S. of Chettanhalli, 4 miles to the S. of Melkote. 

RAJPUTANA. 

Ajmer. — Small rolled fragments of green beryl used to be found, 
according to Irvine (910 — i, 160), among the Sora hills near Kaj- 
MAHAL (25° 64' : 75° 32') on the Banas E. (B. 621). 

Kishangarb. — Aquamarines are mentioned in the Review of 
mineral production for 1909-13 (862, 270) as occurring at Sagar, 
near Sarwar (26° 4' : 75° 4'). 

CHRYSOBERYL. 

MADRAS. 

Coimbatore. — Platy crystals of cbrysobcryl have been found in 
corundum-bearing felspar veins near Kangayam (11° O': 77° 37'), 
associated with nepheline-syenites ; but are too highly flawed to 
he suitable for gems (862, 270). 

RAJPUTANA. 

Kishangarb. — Yellow crystals of good ‘quality are said to occur 
with mica and aquamarines in pegmatite veins at Govindsagar 
,(862, 270). 
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CHRYSOLITE, 

AFOHANISTAN. 

GriesbacTi (708 — 4=, 52) mentions the occurrence, in a dense 
variety of basalt forming hills about 3 miles to the N. of Ea.ndahar, 
of bright green and yellowish crystals of oliviue, which are used for 
making beads for rosaries and articles of jewellery. 

CHRYSOTILE. 

A serpentinous variety of the basalt of Kandahar^' contains 
veins and lumps of chrysotile, used for the more inferior kinds of 
beads for rosaries (Griesbach, 708 — 4, 52). 

DIAMOND. 

The earliest account of the diamond fields of India, derived from 
personal observation, was given by Tavernier, whose voyages 
( 1747 ) were originally published in 1666-69, though mention of a. 
t^'ade in Indian diamonds dates back to the time of Ptolemy. 
Another account, in which several localities not mentioned hy 
Tavernier are included, was communicated to the Royal Society 
in 1677 by Henry Howard ( 876 ), Earl Marshal of England, after- 
wards Duke of Norfolk. In a series of papers published in 1880-81 
(71 — 42 ; — 44 ; — 47 ; — 48 ; — 49 ; — 60 ), Ball has thoroughly 
discussed the identification of the localities mentioned by these 
early writers, and in 1889 he brought out a re-translation of Taver- 
nier's work, giving the results of his researches in an Appendix 
(71 — 67 , Vol. II, 450-4:61). Information of a general character, 
dealing especially with the distribution of the diamond in Southern 
India, has also been given by Heyne (834 — 2, 92), Ritter (1489 — 2,, 
Pt. VI, 343), and Newbold ( 1294 — 29 , 22). 

The diamond-fields of India are grouped in three distinct areas,, 
in each of which the gems are associated with rocks of pre-Cam- 
brian age, known as the Kumool series in Southern India, and as 
the Vindhyan system in the north. In the Southern tract, com- 
prising the districts of Anantapur, Bellary, Cuddapah, Kurnool, 
Kistna, and Godavari, the workings are mainly alluvial ; but dia- 
monds are also obtained from a band of conglomerate occurring 
at the base of the Kurnool series. The Eastern tract occupies 
a portion of the valley of the Mahanadi in Bihar and Orissa, with an 
extension westwards into the Central Provinces, and an outlying 
area to the north in the valley of the Koel, a tributary of the Son. 
In this tract the workings are entirely alluvial. The third or Central 
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Indian tract is closely connected with the outcrop of a band of conglo- 
merate lying between the lower and middle divisions of the Vin- 
dhyan system, extending for a distance of about 60 miles, with the 
State of Panna in Bundelkhand in the centre. Here the diamonds 
are obtained partly from the alluvium and rainwash derived from 
the conglomerate, and partly from the conglomerate itself. The 
mines, of this .tract are not mentioned by Tavernier or other early 
writers, and it seems probable that their discovery may be of more 
recent date than that of the diamond fields of southern India. 

Compared with its former extent and importance, the diamond 
industry of India at the present time is of very limited proportions. 
The average annual production of the mines in the Madras Presi- 
dency, during the five years 1909 to 1913, was 38'36 carats, valued 
at £19 ; and in Central India, during the same period, 45-94 
carats, valued at £853. In 1914 and 1915 no production was 
reported from Madras ; but in the former year 54-65 carats, 
valued at £791, were produced in Central India, and in the latter 
35-99 carats, valued at £603. 

BIHAR AND ORISSA. 

Kalaliandi. — Minute diamonds were detected by Walker (IS^S 
— 3 , 21) in sands from the streams near Bondesor (19® 54' : 83° 14'). 
Though too small to be of value, others of larger size might be found * 
by careful search. The sands have been derived from garnet- 
sillimanite (khondalite) schists. 

Palamau. — Sankh E. (23° 16' : 84° 17'). Blochman quotes a 
passage from the Tuziih-i-Jaliangiri, which is believed to refer to a 
forgotten diamond field lying near the source of the ' Sunk ' E., to 
the south of the watershed of the Koel. Diamonds of considerable 
value are said to have come from these workings, but Plewitt (833, 
418) says that none have been found for many years (B. 24).’ 

SiMAH (23° 35' : 84° 21'). Ball identifies this locality with the 
Soumelpour of Tavernier (1747, Vol. I, Pt. 2, 139 ; 71 — 67 , Vol. II, 
81), who states that towards the end of the dry season about 8,000 
persons were employed in washing the sands of the Koel E. for 
diamonds. Likely places in the bed of the river, indicated by the 
presence of ' thunder stones ' (? ferruginous concretions) were sur- 
rounded by a temporary dam, and the sand and gravel when dry 
was excavated to a depth of not more than 2 ft., and carried to a 
shallow tank previously prepared on the bank, where it was broken 
up and thoroughly washed. The gravel was then spread out and 
searched for gems. Large stones were rarely found (B. 27). 
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Sambalpur. — Hiea Khttno (21® 32' : 83® 56'). The diamond 
fields of Sambalpui were visited for the first time in 1766, when 
Lord Olive commissioned a Mr. Motte to ascertain whether diamonds 
could be purchased on the spot for the purpose of making remit- 
tances to England. , The account of this journey, which appears 
to have met with little success, was published in 1800 (1263). 

According to the information then obtained, the diamonds were 
found in a red gravelly earth collected from the bed of the Hebe 
(Ib) R., which joins the Mahanadi a few miles above Sambalpur. 
Breton (192 — i, 262 ; -.--2) and Kittoe ( 994 — 6 , 375), writing in 
1825 and 1839 respectively, also mention the Ib and other northern 
tributaries of the Mahanadi as far as up as the Hand R. as the source- 
of the gems; but Ouseley (1349 — 3 ) and Voysey (1858 — 7 , 859),. 
at about the same period, describe the washings for gold and dia- 
monds as being carried on at Hira Khund, an island situated about 
4 miles below the mouth of the Ib R. ; and Ball in 1877 (77 — 28, 
186) was informed that the diamonds were only to be found in the 
bed of the Mahanadi itself. He thought it most probable that they 
had been originally derived from the Vindhyan rocks of the Bara- 
pahar hills, which lie to the south of the river. 

The following account of the method of search is condensed 
from that given to Ball by one of the old diamond washers : — In 
the month of March, when the water was at its lowest, a temporary 
dam was thrown across the northern branch of the river at the head 
of the island, thus diverting the stream into the southern channel. 
The sand and gravel accumulated between the rocks in the bed of 
the river was then collected and washed in wooden trays, any gold 
that was found becoming the perquisite of the washers. No dia- 
monds had then been found for many years, but from a list given, 
by Breton (192 — i, 273) it appears that, between the years 1804 
and 1818, twenty stones were obtained, of which the largest, weigh- 
ing 672 grains, was found in 1809 (B. 30). 

CENTRAL INDIA AGENCY. 

The diamond fields of Central India are situated along the 
northern scarp of the upper Vindhyan rocks which cover a large 
area in southern Bundelkhand ; the gems being derived from bands 
of conglomerate occurring in the middle (Rewah) division of that 
series. During the last hundred years no change has been made 
in the primitive methods employed in the search for the gems,, 
which have been described by the following writers : — 

1819. Buchanan-Hamilton (222 — 2). 

1822. Adam (7—2, 32). 
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1829. Franklin (616 — 4). 

1830. Jacquemont (926—3, Vol. I, 399). 

1842. Adam (7—4, 399). 

1860. Medlicott (1197 — 2, 65). 

1875. Eousselet (1522, 440). 

1881. Ball (71—46, 39). 

1906. Vredenbtirg (185^t— 18). 

The principal diamond-hearing layer occurs at the base of the 
Eewah shales, but according to Vredenburg, there is reason to 
believe that, in certain localities, a second layer exists at a higher 
horizon, viz., at the top of the Eewah division, though it has not 
yet been detected in situ. The main layer consists of a thin band 
of indurated sandy conglomerate, locally known SbS mudda, resting 
directly upon Kaimur sandstone. From this the pebbles occasion- 
ally extend upwards, forming discontinuous bands of shaly conglo- 
merate, known as hahra, which also contain diamonds. The pebbles 
associated with the diamonds are chiefly vein quartz from the 
granitic area of Bundelkhand ; jasper from the Bijawar series ; 
and a peculiar green quartzite (kansiya) derived from the lower 
Vindhyans, which is said, when it occurs in quantity, to be a favour- 
able indication of the presence of the gems. 

Three types of workings are distinguished by Vredenburg. (1) 

' Direct workings," in which the undisturbed conglomerate is reached 
by wide shafts, sometimes over 50 ft. in depth. These are sunk 
at the beginning of each working season, and are usually abandoned 
and allowed to fall in when the diamondiferous material within 
reach has been extracted. (2) ^ Shallow workings," situated on 
patches of the conglomerate which have been laid bare by the com- 
paratively rapid denudation of the overlying shales. In these the# 
material has become disintegrated to a certain extent by the action 
of the weather, and is thus more easily handled. (3) ' Alluvial 
workings," situated along the banks of the streams that cross the 
outcrop of the conglomerate. Here the material has been sorted 
by the action of running water, and the heavier gravels containing 
the diamonds must be reached by pits, often as much as 30 ft. in 
depth. 

The indurated mudda is broken up and well pounded with sledge 
hammers in shallow pits, in order to prevent the loss of flying frag- 
ments, and with the shaly Jcahra, which requires no preliminary 
treatment, is freed from clay and sand by thorough washing. The 
washed gravel is then spread out on a cleared space of ground, and 
repeatedly searched for diamonds. No mechanical device for sifting 
or grading the material is employed. 
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The advantages of conducting the operations on a naore system- 
atic plan, and with modern appliances, have been fully discussed 
by Vredenburg. The undisturbed conglomerate, he points out, 
might be continuously worked after the manner of a coal seam ; 
while the present wasteful method of working the 'shallow " deposits 
might be replaced by a regular system of trenching, of which full 
details are given in his report. After careful enquiry, he has esti- 
mated the minimum value of the deposits at 12 annas (=1 shilling) 
per square foot. 

The following list of localities at which workings are now being 
carried on is extracted from that given by Vredenburg (1854 — 18, 
286) 

N, B . — signifies ‘Direct’, S ‘Shallow’, and A ‘Alluvial’ 
workings. 

I. Workings connected with the older conglomerate. 


Bijawar State. — Simra, S (24° 46' : 80° 18'). 

rBAJARiA, A (24° 45': 80° 19'). 

Charkati state • i 47' 30" : 80° 23'). 

(. Eani^e, a (24° 46' 30" : 80° 18' 30"). 

rDiA, S (24° 51' 30" : 80° 38'). 

Chobpur State , . Jhanda, A (24° 53' : 80° 38'). 

(Seha, a- (24° 54': 80° 33' 30"). 

'Babupue, a (24° 48' : 80° 23' 30"). 

Bandi, S (24° 43' : 80° 8 '). 

Biejpuk, a and S (24° 49' : 80° 30'). 

Itwa, a (24° 47' ; 80° 26' 30"). 

Kodaia group (24° 47' : 80° 15'). Baea Ma- 
I NAKPUE, S ; CSHOTA MaNAKPUE, A. 

Majgama, A (24° 38' 30" : 80° 6 ' 30"). 

Panna State Maeaia, S (24° 42' : 80° 9'). 

Panna group (24° 43' : 80° 15'). Bhowani- 
PUE, S ; Chunha, D ; Haeduapur, S ; Oqea, 
S; Old Panna, A; Shahid an, D ; Srinagar, 
S. 

Eanj E. group (24° 48' : 80° 19' 30"). Ga- 
neshpur, a ; Kalianphe, D ; Eadhanpur, 

A. 

Patarkechar State A (24° 66 ': 80° 39' 30"). 

ratarkecuar State, g 55 , . gQo gg'). 
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II. Workings connected with, the newer conglomerate. 
Kothi State 


Paiina State 


The production of diamonds from these mines has considerably 
declined during the last ten years. In 1904 it was 286*48 carats, 
valued at £2,636, ^nd for the five years 1904 to 1908 the average 
annual output was 306*71 carats, valued at £2,799. In 1914 the 
production was only 54*65 carats, valued at £791 ; the average for 
the preceding five years having been 45*94 carats, valued at £853. 
In 1915 it declined still further, to 35*99 carats, valued at £603. 

CENTRAL PROVINCES. 

Chanda. — Wairagarh (20° 26' : 80° 9'). The identity of these 
mines with those of Beiragarh, mentioned by Abdul Pazl in the 
" Ain-i-ATcbari' is fully established, according to Bail (71 — 45, 37). 
They appear to have enjoyed a considerable reputation,' but Jenkins 
(941 — 1, 14) says that in his time (1827) the returns were insufficient 
to make them worth working ; while Wilkinson ( 1933 ) and Mal- 
colmson (1158 — 10 , 250), writing in 1843, merely mention traces 
of the old workings, which had then been abandoned. The material 
in which the gems occur is stated by Hislop and Hunter ( 843 , 355) 
to consist of lateritic grit. The source of the diamonds is not pre- 
cisely known, but Ball considers it probable that they have been 
derived from an extension of the Kurnool or Lower Vindhyan rocks 
of the Mahanadi basin into this area. 

MADRAS. 

Auantapur. — Wajea Kartje (15° 2' : 77° 27'). Considerable 

interest was aroused, about the year 1880, by the discovery near 
this place of a volcanic ' neck ’ filled with decomposed basic rock 
bearing a striking resemblance to the matrix of the diamonds at 
Kimberley in South Africa. The occurrence was fully investigated 
and described by Foote ( 596 — 31 , 109; — 36 ), and the petrological 
characters of the rock forming the ‘ neck ’ by Lake ( 1025 — 3 ), 
who found that it consists of a highly altered plagioclase-augite 
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rock, but that it is not serpentinous, like tbe Kimberley ' blue 
ground/ In 1884-85 tbe ' neck ' was deeply prospected by Mr. A. 
Copley on behalf of a Madras Syndicate, but the operations met 
with no success. Occasionally, however, especially after a fall of 
rain, diamonds are found on the surface of the ground to the east- 
ward of the village, but not in the neighbourhood of the ^ neck. 
Foote mentions a diamond from this locality, valued at £10,000, 
in the possession of Mr. R. S, Orr, of Madras. 

The assertion made by Chaper (301, 1 — 3 ) that he had discovered 
the source of the Wajra Karur diamonds in a vein of epidote-bear- 
ing pegmatite intrusive in granulite, at some 'unspecified locality 
to the E. of the village, is not accepted by Foote. The gems, with 
which rubies and sapphires are said to have been associated, were 
not found actually in the pegmatite, but only in the immediate 
neighbourhood of the veins ; and there is no reason to suppose 
that the association may not be fortuitous. Foote thinks it probable 
that the gems have been derived from a former extension into this 
area of the diamond-bearing conglomerate of Banganapalle in Kurnool 
{see below)- 

Bellary. — ^Huvin Habagalli (15° 1' 30": 76° O'). Foote (596'— 30, 
43) mentions the occurrence, about 3 miles to the S. of the village, 
of a number of small pits and sorting platforms, which he sugg(‘sts 
may be the relics of old diamond workings. The pits are situated 
on a layer of conglomerate which forms a part of the Daiubal- 
Chiknayakanhalli band of Dharwar rocks. No record exists of any 
discovery of diamonds at this place. 

Cuddapali.— Chennur (14° 34' : 78° 52'). An account of tlu‘se 
mines is given by Gribble in the Cuddapah Manual (707 — 1, 24). Dia- 
monds were formerly obtained from a bed of gravel lying at about 
6 ft. below the surface, but the mines had been deserted since the 
beginning of the century. An attempt made in 1869 to work t\u) 
mines did not prove successful; though there is a tradition, men- 
tioned by King (987 — 7, 266), that two stones, eventually sold for 
£5,000 and £3,000 respectively, had come from this field (B. 9). 

Kanux>arti or Kondapetta (14° 33' 30" : 78° 52' 30"). This 
locality lies on the left bank of the Pennair R., opposite to Chennur- 
The mines were visited at the close of the eighteenth century I)y 
Heyne ( 834 — 2 , 95), and again about the year 1840 by Newbolil 
(1294 — 29 , 226), who has given a full description of them, and of 
the methods employed in the search for diamonds, The excava- 
tions cover an area of more than a square mile. The diamonds 
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are found in a bed of gravel, composed mainly of quartz, cbert,. 
and jasper pebbles, lying beneath from i to 12 feet of cotton soil. 
The gravel is carefully washed in small reservoirs raised on mounds 
and paved with stones, and is then spread out on a clear space at 
the foot of the mound and thoroughly searched. The diamonds 
are easily recognised when in a moist state by their lustre. In. 
former times large stones are said to have been found here, but in. 
recent years, except in 1834, the operations had not been profit-- 
able (B. 9). 

The mines at Ovalampalli or Woblapalli, mentioned by 
Heyne (834—2, 98), Voysey (1853 — 3 , 12.7), and Newbold (1294 — 
13 , 125; — 29 , 226), are close to Kanuparti, and of, the same des- 
cription. Heyne says that this tract had been discovered about 
40 years before the time of his visit, and that stones of considerable 
value had been found in it. Newbold mentions a diamond, sold 
for Es. 1,450, which was found here in 1839. 

Gxjrapue, close to Chennur, Hussanapur or Dupaud, and 
Jamaladugu or Gulagijnta (14° 51': 78° 26') are localities men- 
tioned in the District Manual ; and Lamdur and Pinchetgapadu, 
to the W. of Chennur, but not marked on the map, axe mentioned, 
by Heyne and Newbold (B. 11). 

Ciodavari. — Bhadrachalam (17° 40' : 80° 67'). Both Voysey 
(1853 — 3 , 125) and .Newbold (1294—29, 233) say that diamonds 
are sometimes found in the bed of the Godavari, near the town,, 
but give no further particulars (B. 24). 

Guutur.— Kollur (16° 43' : 80° 5'). This locality is identified 
by Ball with the ' Coulour ' of Tavernier (1747, VoL I, Pt. 2, 137 ; 
71 — 67 , Vol. II, 72), and Quolure of the account published in the 
Philosophical Transactions (875, 908). When visited by Tavernier 
in the year 1645, the mines were very productive, close upon 60,000 
persons, according to his account, being engaged in the operations. 
They were situated on the right bank of the Kistna, between the 
river and a range of high mountains. The pits were from 12 to 
14 ft. deep, but were not carried below the level of the subsoil water. 
The material excavated, a gravelly or sandy clay, after being steeped 
in water for a day or two, was thoroughly dried and freed from the^ 
clay by winnowing. It was then spread out in a thin layer and welt; 
pounded with heavy wooden pestles, and again winnowed until 
quite clean. Small quantities at a time were then spread out on the 
winnowing van, and searched for diamonds. 

The great Mogul diamond, presented by Mir Jumla to the 
Emperor Shah Jehan in 1656, is said by Tavernier to have been.. 
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found here. In its rough state it weighed 900 mtis or 787| carats, 
but in the process of cutting it was reduced to 280 carats. Ball 
(71 — 67, Vol. II, 431), after an exhaustive discussion of the history 
of the stone, has concluded that, after a certain portion of it had 
been lost by mutilation, it was brought in 1849 to England as the 
Koh-i-Nur {see also Maskelyne, 1184 — l; — 7; Ball, 71—68; — C9; 
Beveridge, 120 — 2). 

This diamond tract is said to have become almost exhausted 
by the year 1677 (875, 908), and it has long been deserted (B. 16). 

Madagula (16° 30' : 79° 38'). Ball identifies this place with 
Maddemurg, mentioned in the Phil. Transactions (875, 911). It is 
said that these mines were the most productive of any in the district, 
but that they were abandoned on account of the unhealthiness 
• of the locality. An excellent account of the method of searching 
for the, gems is given in the same paper. 

Malavaram (16° 36' : 79° 31' 30") or Damarapad. Ball (71— 
46, 16) mentions some deserted diamond pits here, and suggests that 
they are the workings alluded to by Tavernier (1747, Vol. I, Pt. 2, 
138 ; 71 — 67 , Vol. II, 78) as being situated between Kollur and 
Eamulkota. The mines, he says, though producing diamonds of 
fine water, had been closed on account of their brittle quality. 

Puliohinta, mentioned by Voysey (1853 — 6, 403) is situated 
on the right bank of the Kistna E., a few miles below Kollur. 

Kistna. — The diamond tracts of this district are all situated 

within a short distance of the left bank of the Kistna E., between 

- 

Bezwada and the frontier of the Nizam's territory. Voysey (1853 
— 3; — 0, 403) writing in 1825, has given a general description 
of the mines, and Mackenzie, in the Kistna Manual (1130, 244), 
has also compiled a general account, written mainly from , a his- 
torical point of view. 

The workings are all of an alluvial character, the gems being 
found in sub-recent gravelly deposits, derived either from rocks 
belonging to the Kurnool series forming hills lying to the north of the 
diamond fields, or from the Golapilli sandstones, a formation of 
Upper Gondwana age, consisting in part of the debris of the Kurnool 
rocks. The localities may be considered as forming three distinct 
groups : — 

(1) Golapilli (16° 43' : 80° 58'), with Malavilli or Muleli. 
.A full description of the Golapilli diggings in 1679, by Streynsham 
Master, is quoted in the Kistna Manual (1130, 146). The author 
considers that the diamonds found barely repay the cost of working 
the mines. The operations, which are well described, are carried 
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on in the same manner as at Kollur in Guntur. Blanford ( 148 : 
— 30, 27), writing in 1872, says that the mines had not been worked 
for more than 60 years, and that the gems were probably found in. 
lateritic gravels derived from the Golapilli sandstones. 

The Malavilli mines have been mentioned or described by Heyne 
(834 — 2,92), Anderson ( 38 ), Benza (110 — 4, 47), Newbold (1294 — 32,. 
985), and Eng (987 — 18, 253). They are said to have been dis- 
covered about the year 1670 (875, 912), and to have produced well 
shaped and large stones, but apt to flaw when cut. Anderson 
gives a section of the deposits, and says that the diamond-bearing 
layer lies at a depth of 36 ft. ; but the pits seen by Benza were not 
more than 12 ft. deep. According to King, the diamonds were 
sought for both in the Golapilli and overlying Eajamahendri sand- 
stones forming the hills to the north of the village, and in alluvial 
gravels at the base of the range (B. 23). 

(2) Partial (16° 39': 80° 28'), with Atkub, Barthenipadu, . 
Mugalttr, and Munalur. The mines at Partial have been des- 
cribed by Scott ( 1602 ), Macpherson (1150 — 1, 118), Voysey (1858 — 7,. 
291), and Walker (1868 — 5, 184). According to Scott, the diamonds 
were found in a stratum of earthy gravel, of a yellowish or reddish 
colour, lying at a depth of from 14 to 30 ft. below the^ surface. His- 
description of the operations agrees with that of Tavernier with 
regard to Kollur, except that no women were allowed to approach 
the workings. At the time of Voysey "s visit, in 1826, the work 
consisted mainly in searching the old rubbish heaps, and the- 
diamonds found were very small; but he thought that a consider- 
able portion of the deposit still remained intact. W'alker, however,, 
writing in 1850, says that the gravels had practically been exhausted 
(B. 23). 

The remaining tracts mentioned above lie in the immediate • 
neighbourhood of the Partial workings, and are of the same des- 
cription. 

(3) UsTAPALLi (16° 42' : 80° 13'), with Kodavatakallu. These 
tracts are situated in the angle between the Muniair and Bastna 
rivers. No detailed account of the workings has been published,, 
but they are of the same description as those of* the Partial group. 
Heyne (834 — 2, 94) mentions a tradition that, when first discovered, 
the mines at Kodavatakallu produced several bullock loads of 
diamonds (B. 22). 

Huriiool. — Old diamond worldngs are widely distributed in this 
district, which has given its name to the formation containing the 
original band of conglomerate from which most of the diamonds of. 

167 



GEM-STONES— DIAMOND. 


southern India have been derived. A general account, including 
the history of the industry, has been given by Gopalakristnamah 
•Chetty in the Kurnool Manual (675, 94), compiled in 1886, when 
the annual rent of the mines did not exceed Es. 60. In recent 
years very few diamonds have been found, the average annual 
production during 1909 to 1913 having been only 38*36 carats, 
valued at £19. 

The existence of diamond workings has been recorded at the 
following, localities. Many of the names are taken from a list 
given by King (987 — 7, 106) on the authority of Captain J. G. 
“Eussel, Assistant Commissioner of Kurnool : — 

Banganapalle (15° 19' : 78° 17'). The conditions under which 
•diamonds occur in situ at Banganapalle have been carefully examined 
;and described by King (987 — 7 , 96). The diamond-bearing layer 
forms the basement bed of a band of quartzites, from 20 to 30 ft. 
in thickness, which constitutes the lowest member of the Kurnool 
series. This band of quartzite, near Banganapalle, has been un- 
• covered over a wide area by the denudation of the overlying rocks, 
and now extends as a sheet or capping over the surface of the hills 
to the west of the town, resting unconformably upon a denuded 
platform of the older and more highly inclined Cuddapah beds. 
The productive layer consists of shaly breccia and conglomerate 
. or pebbly clay, occurring in seams of 6 to 8 inches in thickness, 
;and is reached by shafts, seldom more than 15 ft. in depth, from 
the bottom of w:hich galleries are driven along the pebbly seams. 
In 1872, when this account was written, only the slopes near the 
town had been largely worked, the plateau beyond remaining 
.almost untouched. The material excavated is broken up and 
pounded, washed free from clay, sifted, and laid out to dry on 
prepared floors.. The clean sand is then examined in the hand 
by women and children. The diamonds found are very small, 
much flawed, and of poor colour. 

Descriptions of the mines at this locality, in the earlier years 
-of the century, were given by Heyne (834 — 2, 102), Voysey (185S^3), 
.Malcolmson (1158 — 2, 78), and Newbold (1294^8, 120). These 
accounts agree in essential particulars with that given by King 
‘(B. 13). 

Bannur, close to Gxjdipaud. 

Baswapur (15° 24' 30" : 78° 41' 30"). Described by Newbold 
(1294 — 49 , 390) and King (987 — 4 , 71 ; — 7 , 103). The workings 
cover an area of about 2 sq. miles and are mainly alluvial, though 
King found traces in the neighbourhood of the Banganapalle quart- 
a:ites, which had evidently been broken up by the old miners. 
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ByANPALLi,=GuRt7MANKONDA. Rock worMngs. 

CooMROLi, close to GuRxmANKONDA. Called Cummenvillee in 
tke Phil. Transactions (875, 913), where it is said that the stones 
■obtained are very small. 

Deomurru (16° 49' 30" : 78° 11'). 

Devanxtr (15° 43' 30" : 78° 19'). 

Dhoni (15° 23' 30" : 77° 66'). Old alluvial workings are men- 
tioned by Newbold (1294—61, 478). In the Phil. Transactions 

(875, 913) this place is said to afford stones of good shape and size, 
but of weak water. 

Gazbrpilli, close to Baswapur. Produces stones similar to 
those at Dhoni. 

Gudipaud (15° 44': 78° 18'). 

Gurtjmankonda (Gottimakikonea, 15° 32' : 78° 14'). Old rock 
workings. 

KAENAMADAKAL'n (15° 42' : 78° 15'). Old alluvial worldngs. 

Lanjapoltjr (15° 45' 30" : 78° 4'). The stones found here 

are generally well shaped and of good water. They occur in a 

yellowish soil (875, 913). 

Mxjnimaeagu (15° 16' : 78° 2') with MadavaraAi. The old work- 
ings here have been described by Newbold (1294 — 29, 230) and 
Iving (987 — 7, 103). They are situated on outlying patches of 
the Banganapalle conglomerate, which have probably been worked 
out. In the Bellary Manual (975, 96), compiled in 1872, Kelsall 
states that the mines are only spasmodically worked, and that no 
revenue had been paid on them since the year 1813. During the 
previous ten years only 7 stones' weighing more than a pagoda (62'66 
grs., or -about 16 carats) had been found (B., 11). 

Muravakonda (16° 1' : 78° 19'). Diamonds are occasionally 
found in the bed of the Kistna R. at this locality, below the ford. 

. Oruvakal (Voravakollu, 15° 41': 78° 14'). ? Workull of 
Phil. Transactions (875, 913). Said to produce very small 

stones. 

Panchalingala (15° 52' : 78° 5'). 

PoL-UR (15° 32' : 78° 29' 30"). 

Pyapalli (15° 14' : 77° 48'). 

Ramulkota (15° 34' : 78° 3' 30"). Ball has identified this 
locality with Tavernier’s Raolconda (1747, Vol. I, Pt. 2, 134 ; 
71 — 67, 'Vol. 11, 53). In the Phil. Transactions (876, 913) it 
is called Ramulconeta, and is said to produce small stones, but 
of a,n excellent water. Tavernier says that the diamonds occur 
with sand or earth filling narrow veins in the rocks. The miners 
■use iron crooks to extract the earth, which is washed and searched 
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in the usual way. The diamonds are of fine water, but many are 
split in breaking up the rock in order to reach the veins. When 
Newbold visited the mines in 1840 (1294 — 16, 47; — 29, 231), the 
only workings were in the debris lying at the foot of the slopes, 
though the remains of numerous and extensive mines in the solid 
rock were visible. The diamonds found in the detritus were of 
inferior quality. King (987—7, 105) also gives a brief account of 
these mines (B. 14). 

Saitankota (?) Mentioned by Newbold (1294 

Tandrapad . (15° 51': 78° 7')./ — 29, 232). 

Timapxjram (15° 32' : 78° 7'). Rock workings. Still worked 
in 1872. 

ViRAYPALLE (?). Quantitative tests made by Mr. A. Ghose 
on a bed of conglomerate varying from 3 ins. to 2 ft. in thickness 
gave a yield of 1-5 to 1-2 carat per 16 cub. ft. Most of the dia- 
monds obtained were perfect crystals of fine quality and free 
from flaws (862, 83). 

Ybmbye (16° 33' 30" : 78° 10' 30"). Rock workings. De-- 
serted. 

PUNJAB. 

- Simla. — Some small diamonds, said to have been found in a 
hill stream near Simla, are preserved in the Geological Survey 
Museum, Calcutta. The find is mentioned in- a letter to the Times 
of September 7th, 1872, but no details are given (B. 7). 

GARNET. 

BIHAR AND ORISSA. 

Cuttack. — Garnets used former^ to be obtained from the sands 
of the Mahanadi R, by washing. Garnetiferous gneisses are very 
abundant in the province of Orissa (B. 522). 

Hazaribagli. — A massive form of garnet, forming veins in meta- 
morphic rocks, is found at several localities in the district, includ- 
ing the town of Ha/aribagh itself. The mineral was described 
and analysed by Piddington (1405 — 38 ; — 42), who gave it the 
name Calderite. An attempt was made about the year 1870 to 
place it on the market as an abrasive, but it did not prove remu- 
nerative (B. 523). 

HYDERABAD. 

Warangai. — Gharibpet (17° 29' 30" : 80° 41'). Garnet mines 
at this locality were described in 1833 by Voysey (1853 — 6, 404). 
The rocks in the vicinity consist of highly garnetiferous granitoid 
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gneiss, but precious garnets are said to be found only in the allu- 
vial detritus, where, in Voysey's opinion, they are formed by the 
re-crystallisation of particles of garnet disseminated through the 
soil. Walker (1868 — 5 , 186) says that they may be picked up 
in the watercourses draining the hills. 

In 1913 the production of garnet in Hyderabad, presumably 
from this locality, amounted to 122 cwt., and an output of 115 
■cwt., is recorded in 1916. Formerly large quantities were sent 
to Madras to be made up into ornaments, but the industry has 
been in abeyance for many years (B. 522). 

MADRAS. 

Kistna.— Kondapilli (16° 37' : 80° 36'). This locality has long 
been famous for its production of garnets. Crystals of regular 
form and perfectly pellucid are found, according to Heyne (834 — 2 
252), in the sands near the town, also about Bezwada and along 
the banks of the Kistna. King (987 — 18, 264) says that the garnets 
are derived from bands of massive garnetiferoiis hornblendic gneiss 
among the hills in the neighbourhood (B. 522). 

Nellore.— Newbold (1294—29, 224) remarks that red garnets 
are abundant in the crystalline and metalliferous rocks of the dis- 
trict, They are collected from the river sands and sold as a sub- 
stitute for emery (B. 522). 

One cwt. is returned., as the- output for this district iii 1912. 

Nilgiri. — Garnets resembling essoiiitc or cinnamon -stone occur in 
large quantities, according to Benza (110 — 3 , 266), at the crest 
of a knoll on the western side of the Sevkn hill (? Koni- 

BETTA, 11° 29' : 76° 47'), 6 miles duo north of Ootacaiimnd. 
Portions of the rock are said to be almost exclusively composed 
of dodecahedral crystals of garnet with hornblende. 

Salem. — Sankeridrug (11° 29' : 77° 56'). Green garnets were 
found here by Newbold (1294 — 29 , 225) in quartz veins penetrating 
hornblende schists, and associated with other gi’con crystals, near 
intrusions of porphyiitio granite. The garnets did not occur in 
large quantities. Fine crystals of red garnet abound in the crystal- 
line and metalliferous rocks, as in Nellore, and are sold at an in- 
significant price. Dark brown colophonitc is also widely distributed 
in the granites of these districts. 


IV 
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Tinoevelly. — A large proportion of the stones contained in a 
parcel of gems collected by the villagers at Mel Amateur (9° 34' : 
77° 55'), and examined by Fermor (677 — 10), consisted of garnets. 
The specimens vary in colour from . pink and brownish-pink to a, 
beautiful deep red, and are often suflB.ciently clear and free from 
flaws to be used as cheap gems. 

Over 1,000 tons of garnet sand for abrasive purposes are returned 
as having been collected in ’the district in 1914, but no output was 
recorded for the year 1915. 

Travancore. — Garnets of small size, but very rich in colour, are* 
exceedingly abundant, according to King (987 — 25 , 89), in the 
sands of the sea shore. 

Tizagapatain. — Galikonda (?Golgonda, 17° 41': 82° 32') is 
especially mentioned in the Vizagapatam Manual ( 285 , 154) as a 
locality where garnets are obtained (B. 522). 

RAJPUTANA. 

The most important garnet mines are situated along the out- 
crop of the Arvali schists, especially where these are traversed 
by granitic intrusions, between the States of Jaipur and Udaipur. 
In a brief account of the mines given by Hacket (780 — 4, 249) 
it is stated that all were then (1880) abandoned ; but only ten. 
years earlier Horst ( 871 , 73) says that a large trade was being 
carried on between the mines and Delhi, and it is recorded that 
large revenues were formerly d.erived from the lease of the workings 
(B. 523). 

In recent years the mines have been re-opened, and are now 
worked in the following districts : — 

Ajmer. — The production of garnet in this district amounted in 
1900 to 189 cwt., but since the year 1907 it has greatly declined, 
the average annual output for the five years 1909 to 1913 being 
only 12 cwt. 

Jaipur.— Rajmahal (25° 53' 30": 75° 31' 30"). No statistics 
of the production of these mines in recent years are available. 

Kishangarh. — Sarwar (26° 4' : 75° 4'). These are the most 
important mines in the province, and are said to produce the finest 
garnets in India. The workings extend, according to Hacket 
(730 — 4 , 249), for a distance of upwards of a mile along a narrow 
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belt of sobists. The average annual output for the five years 
1909 to 1913 was 253 cwt,, valued at £1,661. In 1914: the output 
was 464: cwt., valued at £4,333, but the mines were closed in 1916. 

(IHaipur)j” — Shahpura (25° 37' 30": 74° 59'). The mines men- 
tioned by Hacket (730 — 4, 249) were situated at Maga or Meja, 
several miles to the S. W. of Shahpura. They produced 46 cwt., 
valued at £84, in 1913. 

lOLITE, CORDIERITE, DICHROITB. 

lolite is found in the gem gravels of Ceylon and sold under 
the name of lynx- or water-sapphire. The following instances of 
its occurrence in India have been noted : — 

MADRAS. 

Travaucore. — Cordierite has been detected by Chacko (297 — 2, 12) 
in a granite dyke near Ti-iibuvella (Teruwulla, 9° 23' : 76° 37'). 
The mineral occurs in violet patches and spots, associated with 
monazito, magnetite or ilineiiite, garnet, and biotito. 

Trichiiiopoly. — Bose {see 86 I 5 248) has reported the occurrence 
of iolitc in abundance near Udaiyapatti ( 10 ° 48' : 78° IIS') and 
Kiranxtr ( 10 ° 47' : 78° 20 ' 30") in the Kadavur Zemindary, where 
it is associated with labradorite and mica schist. Old pits, apparently 
made in search of the mineral, were noticed. 

Yizugapataiii. — Microscopic crystals of cordieritc have been re- 
cognised by Walker and Collins (18733 13) as forming the most 
abundant constituent of certain fiillimanite schists collected by 
Middlemiss in the Hill Tracts of Vizagapatam. 

JASPER. 

Pebbles of jasper of a great variety of tints occur in the rivers 
draining the areas occupied by the Dharwar and Bijawar forma- 
tions, both of which contain numerous layers of banded jasper. 
Immensely thick beds of conglomerate, occurring in the Mahadeva 
group of the upper Gondwana system, consist largely of the debris 
of these older rocks, and furnish an abundant supply of jasper 
pebbles to the rivers which drain the Satpura range in the Central 
Provinces. 

M 2 
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BOMBAY. 

Kathiawar. — ^According to Summers (1726 — i, 319), green jasper 
with brilliant red streaks or spots, commonly known as heliotrope 
or bloodstone, is found near Tankaea (22° 40' : 70° 48' 30"), and is 
sold to the lapidaries of Cambay. It is said to occur in massive 
layers below the surface soil. 

KYANTTE. 

Kyanite is a common constituent of the Archaean rocks in 
India, but is seldom used as a gem. It is also particularly abun- 
dant in the schists and granite of Bashahr in the Himalaya (Hayden, 
798 — 9 , 102), where the crystals are sometimes of a deep blue colour, 
and are often mistaken for sapphires. Its occurrence has been 
specially recorded in the following instances : — 

BIHAR AND ORISSA. 

Slanbhum. — The blue corundum of Salbannt (23° 4'" : 86° 20'), 
•akeady noted, is described by Warth (1892 — 23 ) as occurring in 
a vein of kyanite of a pale blue colour, varying in thickness from 
2 to over 3 ft., and traced for a distance of about 6 miles. 

HYDERABAD. 

Waraiigal. — Crystals of kyanite are mentioned by Voysey (1853 
— 6, 404) as occurring in abundance at the garnet mines of Ghaetb- 
PET (17° 29' 30" : 80° 41'). 


MADRAS. 

Coimbatore. — Middlemiss (1219 — 19, 40) mentions having found . 
quantities of kyanite crystals among the debris of some pits, ap- 
parently made in search of corundum, near Kajstjikovil (11° 22' 30" : 
77° 39' 30"). He thinks it possible that similar finds have given 
rise to the reports mentioned by Newbold (1294 — 38 , 153) that 
sapphires are picked up in the valley of the Cauvery. 

PUNJAB. 

Patiala. — Bose (173 — 21 , 59) has recorded an occurrence of 
kyanite associated with calcite, in the hills west of Naenaxjl 
(28° 3' ; 76° 10'). It is said to be found in seme quantity. The 
mineral is called hruj by the Patiala jewellers, and used by them 
as a gem. 
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LAPIS LAZULI. 

A report that lapis lazuli is said to have been found in the' 
Nagpahar hills, 3 miles to the W. of Ajmer, is mentioned by 
Irvine (910—1, 162), but requires confirmation (B. 529). 

Lapis lazuh was formerly imported to India from the mines of 
Firgamu in Badakshan, described by Wood (1958 — 2, 263) in the 
narrative of his joiurney to the source of the Oxus (B. 629). 

ONYX. 

BOMBAY. 

Kathiawar. — Onyx is widely distributed, according to Adye (11^ 
107) over those parts ,of the State of Navanagar which are occupied, 
by bedded lavas. It is most abundant about a mile to S. W. 
of the' State bungalow at Vi,taekhi (22° 25' : 70° 14' 30") ; about 
2 miles to E. of Khokhei (22° 23' 30" ; 70° 28') ; a mile and a half from 
Baolidae (22° 9' : 70° 13' 30") in the direction of Kharlrhambalia ; 
and half a mile to N. E. of Boei (22° 9' 30" : 70° 18'). A vein 
of onyx was observed at a spot three quarters of a mile to S. of 
Naemana (22° 5' : 70° 13'). 

OPAL. 

BOMBAY. 

Ahmaduagar. — Numerous and very fine specimens of milk-whitC' 
opal, with a flame coloured iridescence, are reported by Sykes. 
(1736 — 1, 425) as being procured on th • banks of the Sina E.,. 
between Andaegaon (18° 2' : 75° 38' 30") and^'PAEANDA (18° 16' : 
75° 31'). 

CENTRAL PROVINCES. 

Nagpur. — Fermor (577 — 32, 214) mentions that opal is some- 
times found filling cracks in the manganese ores. Good examples 
were met with at Kandei (21° 25' ; 79° 20') and Kodegaon (21° 
25' : 79° 1'). 

HYDERABAD. 

Opals are mentioned by Heyne (^4 — 2, 264) as being found near- 
Hyderabad city, with chalcedony, cafnelian, and amethyst. 

MADRAS. 

Vizagupataiu. — Opal is of common occurrence, according to 
Fermor (577 — 32 , 214), in the mafiganese mines of the district, 
where it replaces the felspathic portion of kodurite {see MANGANESE^ 
Yizagapatam). Good examples are to be found at Kodue (18° 16' 30" .* 
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83° 36' 30") and Kotakabea (18° 22' 30" : 83° 33'). It is also found 
at Boieani (19° 36' : 84° 49') in Ganjam. 

RAJPUTANA. 

Ajmer. — ^Irvine (910 — i, 162) states that massive milk-white 
opal is found at the base of the hills near Srinagar (26° 26' : 74° 
60'). 

EOCK-CRYSTAL ani ROSE-QUARTZ. 

BIHAR AND ORISSA. 

Sambalpur. — Remarkably fine rock-crystals were noticed by Ball 
'(71—28, 183) near the village of Bijkomar (20° 40' 30" ; 83° 31' 
30"), apparently occm'ring in nests in vein quartz. Both the 
smoky and pellucid varieties are obtainable (B. 503). 

BOMBAY. 

Kathiawar. — Summers (1726 — l, 318) states that the lapidaries 
of Cambay • obtain their supply of rock-crystal from Tankara 
(22° 40' : 70° 48' 30") in Morvi, where it is found beneath the sur- 
face soil in pieces up to 20 lb. in weight. 

CENTRAL PROVINCES. 

eiihindwara.— Khairi (21° 32': 78° 53' 30").' A vein of rose-quartz 
was found by Fermor (577—6, 176) crossing the Khairi stream 
about three quarters of a mile to N. W. of the village. The vein 
is about 26 ft. wide, and the outcrop about 150 yds. in length. 
The colour varies from milk-white to pink and deep rose. 

Dtjdhara hill (21° 30': 78° 57'). Fermor {1. c.) found blocks 
•of amethystine pink quartz on the western slope of the hill. The 
■outcrop of the vein was concealed by talus. 

HYDERABAD. 

Warangal.- Walker (1868—4, 223; —6, 187) states that rose- 
quartz is found near Warangal (17° 57' : 79° 41'), and is common 
in other parts of Hyderabad territory. It is used for ring stones 
and other cheap jewellery (B. 503). 

MADRAS. 

tSodavari.— Campbell (272 — 12 , 282) says that large prisms of 
rock-crystal were formerly obtained in the bed of the Godavari 
near Rajamahendri (17° 0' : 81° 50'). 
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Taujore.— Y allam (10° 43' : 79° 7'). Pebbles of rock-crystal, 
smoky <]|uartz, and cairugorni are collected from the beds of streams 
traversing the grits of the Cuddaloro sandstone series (King and 
Koote, 988 , 258, 370). Under the name of ‘Yellmn stones’ these 
are cut by the lapidaries of Tanjore and Trichinopoly into a variety 
of ornamental and useful articles, including watch-glasses and 
spectacle lenses (B. 502). 

Vizagapatam. — Veins of rose-quartz occur, according to Ferinor 
(577 — 32, 212), in decomposed lithonxargic rocks at Kodue (18° 16' 30": 
83° 36' 30"). Loose hexagonal crystals are also found in gravel 

■ deposits at Sandanandapuram (18° 14' : 83° 37'). 

PUNJAB. 

Delhi. — A urangpur (28° 27' 30" : 77° 19'). Hacket 1(730 — 

250) says that rock-crystals were formerly obtained from a number 

■ of small pits, apparently sunk on a (juartz vein running through 
the Delhi quartzites (B. 503). 

■Baden-Powell (60 — l, 47) quotes an account of the mines by Dr. 
Thompson. The crystals are found in a secondary breccia cemented 
by oxide of iron, exposed in a small basin among the hills about 2 
•miles to the S. W. of the village. The best crystals were said to 
..come from depths below 10ft., those hearer the surface being tinged 
with iron oxide. 

iHiauwali.— Maei (32° 57' 30" : 71° 39'). The occurrence of 
bi-pyrainidal crystals of quartz in the red gypseous marls at Mari, 
Kalabagh and other localities in the neighbourhood has been 
■noticed by Jameson (931 — 3, 206), Fleming (591 — c, 251), Ver- 
■chbre (1839 — 2, 20), and Wynne (1975 — 18, 300). The crystals 
go by the name of ‘ Mari diamonds,’ and are collected and drilled 
to be made into necklaces (B- 503). 

^RTJBY. 

AFQHANISTAN. 

The ruby mines of Jagdallak (34° 22' : 69° 48'), described by 
■Griesbach (708 — 21, 71), are situated at the crest of the Siah Koh 
range, about 6 nailes to the W. of Kardeathal. The rubies occur 
as accessory minerals, with a few sapphires, large quantities of 
garnets, spinels, etc., in a belt of highly crystalline limestone, oon- 
■sidered by Griesbach to be a sedimentary deposit of Carboniferous 
'age, altered by granitic intrusions. In places the rubies are so 
.numerous as to give a pink tinge to the rock, but these are usually 

177 



GEM-STONES— RUBY. 


very minute. There is no regular system of mining, hut where- 
ever the gems are visible cn the weathered surface,, the rock is 
quarried out, and the rubies extracted with hammer and chisel, 
many being broken or lost in the process. 

The age of the ruby-bearing limestones has been discussed by 
Hayden (793 — 22 , 11), who is inclined to refer them to the Archae- 
an group. 

BURMA. 

The ruby mines of Upper Burma have long been known as the- 
principal source of the world’s supply of the gem. Caesar Ikedericke 
(621, 239), who visited Pegu in 1569, alludes to the brisk trade in 
rubies that was then carried on ; and reference to the mines was • 
also made about the same time (1586) by the Ungliab traveller 
Balph Fitch (589, 262; 1538, 172) who places them in the district of 
‘ Caplan’ (IKyatpyin), five days’ journey from Ava. Neither of these 
travellers was permitted to visit the mines, and the first authentic 
account of them was given in 1833 by Pfere Guiseppe d’Amato- 

(412). He describes the workings at Kyatpyin (22° 53' 30" : 
96° 28'), and the system of mining practised by the Burmese, which 
may still be seen in operation in that neighbourhood (B. 427). 

Three distinct ruby tracts are known to occur in Upper Burma, 
widely separated from each qther; but in all cases the original 1 
source of the gems is found to be a highly' crystalline limestone, 
probably a member of the Archsean group. A fourth tract is 
reported to have been discovered in the Momeik State in 1913, 

but as yet no definite information regarding this occurrence has 
been published. 

Mandalay.— Sagyin (22° 17' : 96° 7'). About the year 1870 

these mines were in charge of a Mr. Bredemeyer, whose account 
of them (191) is referred to by Ball (71—46, 428). The locality 
was reported on by Hayden {see Griesbach, 708—29, 9) in 1895.. 
A group of hills, composed of crystalline limestone largely quarried 
for statuary marble, rises abruptly from the alluvial plain on the- 
left bank of the Irrawaddy, about 16 miles to the N. of Mandalay. 
Moisture, acting along the joint planes of the rock, has caused it 
to become seamed with fissures and hollbws, filled with the insoluble- 
clayey material supplied by the disintegration of the limestone. 
These fissures are followed up and the material extracted from 

them is washed. Sapphires and spinels, as well as rubies, are- 
obtained here. In recent years the working of these mines does 
not appear to have been attended with favourable results, and no- 
returns of output have been furnished. 
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Hfyitkyiua. — Naniazeik (25° 37' : 96° 37'). The ruby tract of 
Naniazeik was first brought to notice in 1895, when it was examined 
by Warth (see Griesb.ach, 708 — 28, 152), who reported that rubies,, 
sapphires, and spinels are obtained from the detritus afforded by 
the disintegration of crystalline limestones surrounded by intrusive 
masses of granite. A full description of the tract has since been 
given by Bleeck (154 — 2), and the petrology of the area has been 
studied by Tanatar (1742). 

The limestones are considered by these authorities to have been 
originally calcareous sedimentary deposits, and to have been altered, 
while in a state of intense local compression due to orographic* 
movements, by contact with the ’intrusive granite, with the pro- 
duction of corundum and other accessory minerals at those ' places 
where the pressure was most severe. 

Neither ruby nor spine! appear to be very abundant in this 
tract and no output has been reported for the last twelve years. 

Bleeck also mentions a small ruby tract, worked with poor 
results by the Kachins, on a hill stream 4 miles to the N. of Manwe 
(25° 26' : 96° 35'), and some deserted ruby pits said to lie 13 miles 
to the N. W. of Naniazeik. 

Ruby Mines. — Moo 6k (22° 55' : 96° 33'). In this district the 
crystalline ruby limestones form a series of narrow, parallel, lenti- 
cular bands, distributed in echelon along the southern flanks of a 
r£tnge of hills extending from the neighbourhood of Mog6k, where 
the most productive mines are situated, to Thabeikkyin on the 
Irrawaddy, a distance of about 40 miles in a direct line from east 
to west. The workings, however, are confined to the eastern 
half of the calcareous zone, between Shwenyaungbin (22° 55' : 
96° 19') and Mog6k, where the condition of the bands suggests 
that they have been subjected to a more intense degree of com- 
pression than further west, where rubies appear to be absent, 
(Their general alignment is shown on the map attached to Barrington 
Brown’s paper in the Philosophical Transactions, noted below,, 
and on the map of the Northern Shan States, Western Section, 
in the Memoirs, Geological Survey of India, Vol. XXXIX, Pt. 2.) 

The following accounts of the mines have been published since- 
the district was thrown open by the annexation of Upper Burma 
in 1886:— 

1888. / (677 — 4 ) ■) Popular accounts of the mines and 

1889. J 1(677 — 5 ) j their surroundings. 

1889. Streeter (1718). Account of a visit to the mines, and 
of the native system of mining. 
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1895. Barrington Brown and Judd (208). An exhaustive 
treatise on the geology and petrology of the district, with 
a discussion by Prof. Judd of the genesis of the corundum 
and of the minerals associated with it. 

1896. Bauer ( 88 — 4 ). Describes the mode of occurrence of the 
ruby, and the petrology of the associated rocks and minerals. 

1897. Wynne (1978). Notes on the geology of the area, 
and description of the European and native methods 
of working. 

1904. Morgan (1252). Describes the operations of the Euby 
Mines Co. 

1909. Anon. (35 — 79 ). A brief account of the mines and 
their development. 

1910. Goldschmidt and Schroeder (672). Describes the 
crystallographic characters of ruby from Burma. 

1915. Claremont (818). A popular account of the opera- 
, tions of the Ruby Mines Co. 

The native workings, as described by Barrington Brown and 
tDthers, are of three kinds : — (a) Loodwin, in which fissures and 
hollows in the limestone, filled with detritus derived from its dis- 
integration by weathering, are followed ' up and quarried, (b) 
Emyaudwin, or cuttings driven into the rainwash on the hill 
slopes, covering the outcrop of the limestone ; and (c) Twinlone, 
or pits sunk in the alluvial deposits spread over the floor of the 
valleys, in order to reach the gem-bearing gravel, called byon, 
which usually lies at a considerable depth. Small rubies are 
•also obtained by washing the sand and gravel in the beds of the 
streams. 

In 1889 a lease of the ruby tracts was granted to the Burma 
Ruby Mines Oo. at an annual rent of Rs. 3,15,000 (subsequently 
reduced to Rs. 2,00,000) plus a share of the profits, together, with 
the right to levy royalties on the output of native worldngs in 
the townships of Mogok, Kyatpyin, and Katha. The operations 
of the Company have hitherto been confined to a systematic ex- 
^eavation of the alluvial deposits covering the floor of the Mogdk 
valley, which was apparently in former times occupied by a lake, 
and in washing the byon with the aid of the most modern appli- 
ances. Electric power is largely used for driving the machinery, 
and is obtained from a waterfall at the outlet of the valley. 

In addition to rubies, the lyon contains large quantities ox 
spinel, usually of a brilliant red colour, and more rarely sapphires 
and crystals of blue apatite. Tourmaline is also common, but 
is of the black variety and of no value as a gem. 
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The average annual output of ruby, sapphire, and spinel, during 
"the five years 1909 to 1913, was 283,439 carats, valued at £63,272. 
In 1914 and 1915. respectively the amounts produced were : — 
Eubies, 193,333 carats, value £40,781, 167,904 carats, value £34,881, 
Sapphires, 56,709 carats, value £2,052'i 39,718 carats, value £1,276; 
Spinels, 54,830 caiats, value £300, 43,827 carats, value £141. 

The crystalline limestones are considered by Judd to have 
resulted from the decomposition at great depths of the lime felspars 
contained in basic gneisses and granulites, with a subsequent con- 
centration of the calcium carbonate along definite zones, and the 
inclusion of a portion of the alumina, derived from the aluminous 
silicates, in the form of corundum. A transitional stage was the 
formation of scapolite gneisses through the ^ werneritisation " of 
the felspars in the original rock. The stratigraphical evidence, 
on the other hand, seems rather to point to the conclusions arrived 
at in the case of the similar occurrence of rubies, etc., at ‘Naniazeik, 
m%., that the limestones were originally calcareous sediments, and 
that they have been altered by contact with igneous intrusions, 
under conditions of great pressure. 

MADRAS. 

Salem. — ^Newbold (1294 — 29 , 224) states that fine rubies have 
been found at several of the corundum mines in the district, parti- 
cularly at ViRALiMODOs(?) in the Parmati Taluk, and at Sholasi- 
•OAMANi (11° 15' : 77° 56') in the Trichingode Taluk (B. 422). 

MYSORE. 

Kadur. — Stones of some value, though not equal in colour 
fo true rubies, are occasionally found, according to Evans (555 — 5 ) 
in the corundum pits at Kadamane (13° 26' 30" : 75° 18') near 
-Sringeri. 

SAPPHIRE. 

BURMA. 

The rubies of Upper Burma are invariably accompanied by 
sapphire, derived in the same manner from crystalline limestone. 
The proportion of blue corundum found in the gem gravels is usually 
much smaller than that of the red variety, though the stones axe 
often of larger size. (For statistics of production, see RUBY), 

KASHMIR. 

Padar. — Soomjam (33° 25' 30" : 76° 28'). An accidental dis- 
covery of sapphires in considerable quantities in Kashmir was 
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reported early in tlie year 1882. Some of tlie gems were in that 
year examined by Mallet (1159 — 33 ), who pronounced them to- 
be true sapphires. They were then supposed Ao have come from 
the neighbourhood of Padam in Zangskar, but the approximate 
locality is correctly stated in a letter from the Rev. A. W. Heyde 
quoted in Mallet's paper, as on the southern slopes of the Zangskar 
range, below the Umasi La (pass). The exact position was subse- 
quently ascertained, to be in a small upland valley, 2,600 feet above 
the village of Soomjam, and at an altitude of about 14,000 ft. above 
the sea. The deposit is said to have been laid bare by a land- 
slip. 

In 1887, at the request of the Kashmir Durbar, the locality 
was examined and reported oh by La Touche (1034 — 14 ). The 
sapphires were found to occur as accessory minerals, with tour- 
maline, garnet, kyanite, and euclase, in a vein of pegmatite intru- 
sive in a series of rocks including biotite gneiss, lenticular masses, 
of kupfferite, and crystalline limestone. The detritus from this 
vein had been spread over a portion of the valley below, and from 
this whole crystals of sapphire, with fragments and chips in con- 
siderable quantities, were obtained by washing. The ground is 
under ' snow for the greater part of the year, and work is only possible- 
during the months of July, August, and September. 

For some years the Durbar derived a. considerable revenue 
from the mines, which were then abandoned under the impression 
that they had been worked put. But in 1906 work was re-started 
by the Kashmir Mineral Co., and at first several valuable stones 
were obtained, one of them being sold for £2,000. Very soon, 
however, the production fell off, and the mines have not been 
worked since 1908. 

Shepard (1618 — 3 ) has discussed the mode of occurrence of 
the sapphires at this locality, as compared with those of Laurens 
Co., S. Carolina, and other placed in the United States. 

PUNJAB. 

Kangra. — Calvert (265 — 2, 54) has reported that he found sap- 
phires on the ascent ,to the Hamta pass (32° 16' : 77° 26') in' Kulu, 
but no specimens appear to have been submitted to a competent 
authority, and the statement requires confirmation. 

SPIKEL. 

AFGHANISTAN. 

Spinels are said t6- occur abundantly in the ruby mines of 
Jagdallak, already noted under RUBY. As Medlicott pointed out 
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in 1880 (1197 — 56, 4), many of the so-called rubies obtained at 
this locality are in reality spinels (B. 429). 

BURMA. 

Quantities of spinels are found at the same localities, and under 
the same conditions, as the rubies of Upper Burma, already noted 
above. (For statistics of production, see RUBY.) 

Myitkyina. — La/rge numbers of spinels were found by Griesbach 
(708 — 22, 130) in the sands of the Irrawaddy above Myitkyina, 
especially at the village of Watu (25° 30' : 97° 30'). ^They have 
also been reported to occur in quantity near the junction of the 
PuNGiN Kha and Mali Kha (25° 49' : 97° 32'), above the Con- 
fluence. 

TOURMALINE. 

BURMA. 

Karenni. — Nam6n (19° 22' : 97° 35'). At this locality, situated 
13 miles to the N. of Ywathit on the Salween E., crystals of a 
beautiful dark emerald-green variety of tourmaline are found scat- 
tered through the surface soil, and are mined on a small scale. 
The occurrence has been described by Middlemiss (1819 — 22, 152). 
The matrix of the tourmaline was ascertained to be a white crystal- 
line limestone, blocks of which are strewn over the hill slopes where 
the pits are situated. The stones are sent fOr sale to Rangoon, 
where for some time they possessed a fictitious value, due to their 
being successfully passed off as emeralds. 

Ulonginit — Maingnin (23° 14' : 96° 46'). George (645) has 
given an interesting account of the history and present condition 
of the rubellile mines situated about a mile E. of Maingnin, sur- 
rounding the Palaung village of Sanka. The mines are said to 
have been discovered and worked by Chinese some 150 to 200 
years ago, but were deserted until 1809, when they were re-opened 
by some of the Kachin chiefs. The matrix of the tourmaline 
is described as a vein of white, hard, granitic rock, probably a 
vein of granite which has become decomposed through the kaolini- 
sation of the felspars, which is covered by a considerable thickness 
of red suT-face soil. The white vein, called Tcyaw, is reached by 
scjuare shafts, ordinarily from GO to 75 feet in depth, and some- 
tiinos carried to about 100 feet. Each owner is allowed to extend 
his workings along the vein to a distance of 5 fathoms from the 
centre of the shaft. Attempts have been made to reach the vein 

183 



GEM-STONES— TOURMALINE. 


by a simple process of hydraulic sluicing, but have not proved 
altogether remunerative, owing to a lack of water except in the 
rainy season. 

On account of the extremely irregular distribution of the tour* 
maline in the veins, a successful venture is a matter of pure specu- 
lation. The tourmaline varies in colour from brown or black 
to a light transparent pink, which is the most highly prized variety* 
The gems are sold by weight, the pink variety, called ahtet yay, 
fetching from Rs. 1,200 to Es. 1,500 per viss (3*65 lb.) ; while 
the inferior kinds, ahhct^ are sold for about a third of that price* 
No returns of output have been furnished since 1909, when it 
amounted to 5-llb., valued at £36. 

Ruby IMiues. — During the four years 1904 to 1907, an average 
output of 101 lb. of rubellitc per year was recorded ; but no returns 
have been made in subsequent year§. The tourmaline is obtained 
in the southern part of the district, under the same conditions 
as in Mong Long {see below). 

Shan States (N.). — The tourmaline mines of Mong L6ng were 
visited and reported on by Noetling (1311 — 6) in 1891, and ^ brief 
description of them was given by Barrington Brown ( 208 , 166,. 
185) in his account of the ruby mines of Mogok. The workings 
are situated in the valley of the Nampai R., 2 or 3 miles to the 
N. of the town of Mong Long or Maingl6n (22° 47' 30" : 96° 40'), 
in thick beds of gravelly detritus washed down from the hill slopes 
to the north of the valley. These hills are composed of gneiss, 
penetrated by broad veins of granite containing tourmaline as 
an accessory constituent. The gravels have been trenched in all 
directions in search of the gems, a rude system of hydraulic sluicing 
being employed. Though black tourmaline is common, crystals 
of the red variety are said to be rarely found, and the output fluc- 
tuates considerably from year to year. In 1908 thirty-two stones, 
valued at £289, and in 1909 seven stones, valued at £26, were found, 
blit since the latter year no returns have been received. 


KASHMIR. 

Padar. — Crystals of light green tourmaline were found by La 
Touche (1034 — 14 , 64), penetrating vein-quartz at a spot about a 
mile to the N. of the sapphire mines near Soomjam (33° 25' 30" : 
76° 28'). The crystals were very thin in proportion to their length,, 
and very brittle. | 
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TURQUOISE. 

RAJPUTANA. 

According to Irvine (910 — i, 162), turquoise has been reported 
to occur in the Ajmer hills, and at Ramgarh (27° 15' : 75° 14' 30")- 
in Shekhawati ; but the mineral referred to is probably a blue 
copper ore (B. 435). 

The turquoise ornaments universally worn by women in the 
Himalaya, and used in a crushed state for mosaic work by the silver- 
smiths of Kashmir, probably comes from the turquoise mines of 
Nishapur in Khorassan. These mines have been described by 
Griesbach (708 — 12, 62), Schindler (1571), and Tietze (1786—1). 
The turquoise occurs in trachytic breccias associated with lime- 
stones and volcanic ash beds. The chemical properties of the 
mineral have been discussed by Prinsep (1436 — 4), and Fischer 
(585). 

ZIRCON. 

MADRAS. 

Coimbatore. — Zircon occurs in small quantities in nephelioe 
syenites near Kangayam (11° 0' : 77° 37'), but is not sufficiently 
transparent and flawless to be used as a gem (862, 274). 

Travaiicorc. — Masillamani (1183, 9) has recorded the occurrence 
of zircon in pegmatite veins associated with charnockites at 
Appiyode (?8° .14': 77° 14'), in the Braniel Taluk. In the 
weathered material derived from these rocks crystals from microscopic 
size up to two inches in length are met with. The colours are 
red or greyish white, but the crystals are seldom transparent, except 
in parts. 

GLASS-MAKING MATERIALS. 

An inferior kind of glass, used chiefly in maldng bangles, is 
manufactured in many parts of India from the alkaline efflorescence 
known as reh {see under SODA), when it occurs on a sandy soil ; 
or, when sand is not present, by melting together reh and river 
sand or pounded quartz. Hitherto but few attempts have been 
made to find deposits of quartz sand suitable for the manufacture 
of glass of better quality, but the matter appears to be receiving 
attention. The prospects of establishing a glass-making industry 
in India were discussed by Alakh Dhari (482) in a paper read at 
the 2nd Indian Industrial Conference held in 1906. 
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BIHAR AND ORISSA. 

Sautal Pargauas. — An investigation was undertaken in 1908 by 
Murray Stuart (1723 — i) in order to ascertain the suitability of 
certain sands in the Eajmahal hills for glass manufacture. Two 
kinds of sand were exantined : — 

(а) Eiver sand from the Ganges and some of the hill streams. 
These were found to be contaminated with iron, mainly in the 
form of ferro-magnesian silicates, but they could be used for making 
cheap bottles. 

(б) Bedded sandstones of the Damuda series, exposed in the 
Eajmahal coal fields. Samples from Manual HIt (25° 4' : 87° 61') 
and PiR Pahar (25° 6' : 87° 50') were examined. These are white 
gritty sandstones, and require crushing and sifting before being utilised. 
They contain about 6 per cent, of kaolin, which would need re- 
moval by washing. Perfectly clear lead-potash glass was made 
experimentally from these sands, but since it was found impossible 
to remove all ti^aces of kaolin, even by prolonged washing, they 
would not be suitable for the manufacture of high grade flint glass. 
The supply is said to be unlimited. 

CENTRAL INDIA AGENCY. 

(Jwalior. — Pounded quartz obtained from white quartz reefs 
traversing the Bundelkhand gneiss area, to the south of Gwalior, 
is used for glass making at the Morar Works ( 1034 — 39 , 114). 

CENTRAL PROVINCES. 

Buldaua. — Lonar (19° 59' : 76° 34'), The soda obtained from 
the Lonar Lake was formerly used in considerable quantities for 
the manufacture of glass bangles. In 1856, according to Smith 
(1658, 3), there wei;e two factories at work near the lake, and each 
man employed could turn out from 600 to 700 bangles a day. 
There is an abundant supply of crystalline quartz in the neigh- 
bourhood. 

MYSORE. 

Chitiildroog. — Mattod (13° 46' : 76° 28') and Molakelmuru 
(14° 43' ; 76° 48' 30"). Glass making has been carried on at these 
places for more than a century. The industry was noted in 1814 
by Heyne (834 — 2, 354), and recently the process has beem des- 
cribed by Sambasiva Iyer (1548 — 7 , 246), Quartz is, obtained 
locally, and soda from efflorescent deposits at Kenohamm:anhalli(?) 
in the Eoyadurga Taluk. The materials are melted in crucibles, 
set in rows in a furnace, each containing 176 pots. Both plain 
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and coloured glass are made, the process ta'king from 8 to 12 days, 
according to the kind of glass that is being prepared. 

PUNJAB. 

Hallifax (741, 23) has given a general description of the glass 
making industry of the province. The materials used in Lahore 
and Jhelum are powdered sandstone and so/jji, or carbonate of 
soda,^ mixed in equal proportions. Powdered quartz is used in 
Hoshiarpur. The articles manufactured are bottles, looking glasses, 
and bangles. 

Reference may also be made to Baden Poweirs " Handbook ' 
(60—1, Vol, II, 236). 

GLAUBER SALT, see SULPHATES-^ODIUM. 

GNEISS, under BUILDING MATERIALS. 

GOLD. 

Gold is very widely distributed throughout India, more so 
perhaps than any other useful mineral, with the exception of iron 
ore. There is, in fact, hardly a province in which the washing 
of alluvial gold from the sands of the rivers is, or has not been 
practised by the native inhabitants, though the quantity now 
won in this way is of very* insignificant proportions, whatever it 
may have been in the past. 

A strong distinction may be‘ noted between the conditions 
under which gold occurs in the north of India, and those prevail- 
ing in the south. Everywhere in the region surrounding the 
Indo-Gangetic plain, including the valley of the Brahmaputra in 
Assam, the gold is derived, not directly from the rocks into which 
it was originally introduced, but from formations which are them- 
selves of a detrital nature. That is to say, the gold which is now 
being washed out of these rocks was introduced with the trans- 
ported material of which they are composed. Such gold may 
therefore be called alluvial or detrital in a double sense. Thus 
the immediate source of the gold may be found in rocks of very 
diverse geological . ages, including the Tertiary sandstones and con- 
glomerates of the Siwalik hills. 

On the other hand, with a few exceptions where the river valleys 
arc occupied by the Gondwana formations, the gold of southern 
India is obtained, either directly from quartz veins and schists 
belonging to a single formation of great age, or from recent alluvial 
deposits whose intimate connection with the auriferous reefs may 
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in most cases be readily determined. This formation, consisting 
of chloritic, hornblendic, and quartz-bematite schists, phyllites, and 
quartzites with bands of conglomerate, traversed by a net- work 
of quartz veins and instrusive basic dykes, was originally sup- 
posed to belong to the great gneissic series of the Peninsula, but 
was recognised by Foote in 1886 (596—31) as a distinct system, 
to which he gave the name ' Dharwar. " These rocks are ancient 
highly metamorphosed sediments, once spread over an immense 
area, whose sole remaining vestiges form a number of parallel 
bands and outljing patches, representing the lowest portions of a 
series of compressed synclinal troughs, the upper portions of the 
folds having been entirely removed by long continued denudation. 

As Foote pointed out in 1874 (596 — ii), the reef quartz is of 
two kinds, the one a blue or deep grey diaphanous variety, the 
other milk-white and more or less opaque. Maclaren has shown 
<1134 — 4 , 124) that the blue quartz is associated with the metamor- 
phosed igneous rocks, — the hornblendic schists, — and that its colour 
is due to the development of shear planes caused by intense strain, 
which has not afEected the white variety. The latter is connected 
with the intrusion of the basic dykes, and belongs to a later period 
of thermal activity. Both varieties are at times auriferous. 

The following writers deal with the occurrence of gold in India 
generally : — 

1840. Burr (238 — 1). Discusses the prospects of profitable 

gold mining in India. 

1880. Ball (71 — 40 ). A general summary of the information 

available. 

1880. Eastwick (527). An attempt to show that the enor- 
mous stores of gold recorded as having been seized by 
former invaders of India came from the Wynaad mines. 
Identifies India with the land of Ophir. 

1881. Hyde Clarke (322). A summary of the history and 
prospects of gold mining in India, with special reference 
to the Wynaad. 

1881. Ball (71 — 44 , 95). A general account of the mode of 
occurrence and distributioii of gold in India. 

1882. Lock (1082, 269 — 468). A summary of information 

relative to the occurrence of gold. 

1901. Evans (555 — 9 , 157). Discusses the prospects of the 
development of the gold mining industry. 

1908. Maclaren (1134 — lO). A history of gold mining in 
India, with an account of^the Dharwar system and the 
gold fields connected with it. 
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1908. Maclaren (1134 — li, 48 — 64, 227 — 270). A general 
treatise on gold. Discusses the origin of the gold in 
the Dharwar system. 

The following deal more especially with the gold of southern 
iindia : — 

1878. Maylor (1194—1). Notes on the occurrence of gold. 

1882. Wood (1959). Remarks on the development of gold 
mining. 

1883. Ball (71 — 58 ). Discussess the prospects of profitable 
gold mining in southern India. 

1883. Leighton (1052). G-ives a history of the gold mining 
‘boom^ of 1879-1881. 

1885. Anon. (35 — 37 ). An account of the revival in Indian 

gold mining. 

1887. Marsh (1176). Notes on the occurrence of gold and 
other minerals in Mysore. 

1887-1889. Foote ( 596—33 ; — 34 ). Gives details of the 
geology of the bands of Dharwar rocks in the Indian 
Peninsula, with notes on the occurrence of alluvial gold 
in connection with them. 

1891. Mervyn Smith (1654 — 3 ). Discusses developments in 

the gold mining industry. 

1906. Maclaren (1134 — 4 ). A detailed account of the geology 

and petrology of the Gadag band of Dharwar rocks, with 
results of gold washing trials. 

1906. Maclaren (1134 — 6). A comparison of the Dharwars 

of India with the auriferous rocks of Australia and S. 

Africa. These three regions are considered to form a 

single petrographical province, for which the name ‘ Ery- 
thrasan ^ is proposed. 

{see also below ; — MADRAS, MALABAR, and MYSORE, Kolar). 

During the quinquennial period 1909 to 1913, India occupied 
the eighth position among the gold-producing countries of the 

world, with an average annual production of £2,242,305 or 2*37 per 
cent, of the total. In 1914 the production was 607,388 oz., or 

£2,338,356 ; and in 1916, 616,728 oz., or £2,369,846. 

AFGHANISTAN. 

Drummond (504 — 2, 89) and Masson (1189 — 1, Vol. I, 213) say 
that quantities of gold are brought down by the rivers of Lughman 
.and Kunar, draining the southern slopes of the Hindu Kush, in 
.Kafiristan. Pbshat (34® 43' : 70® 57') on the Kunar R. is specially 
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mentioned as a locality where gold washing is carried on. Gold is 
also collected in the Kabul R. near Charbagh (3i° 40' : 70° 14' 30") 
and Jelalabad (34° 26' : 70° 24' 30"). 

Kandahar (31° 37' : 65° 43'), In 1873 Bellew (103—2, 30) gave 
a description of a gold mine situated 3 miles to the N. of Kandahar,, 
and in 1881 the locality was visited by Griesbach (708 — 4, 55). 
The gold occurs in quartz veins traversing the zone of contact 
between Cretaceous (hippuritic) limestones and . outbursts of trap,, 
with traces of copper and nickel. Gold is said to have been found 
in paying quantities, but owing to mismanagement the mines had 
fallen in, and were abandoned shortly before they were seen by 
Griesbach. The contact zone was traced to the S. W. for a dis- 
tance of about 7 miles (B. 208). 


ASSAM. 

Under native rule Assam is said to have enjoyed a high reputa- 
tion as a gold-producing country, but several reasons have combined 
to render the industry unprofitable, and within the last CO years 
it has become practically extinct. An interesting account of it, 
under the old conditions, was compiled in 1838 by Monccram (1240). 
He gives a list of the rivers known to carry gold (see heloiv), and 
describes the method practised by the sommk (gold washers). A 
suitable spot, generally at a sharp bend in the stream, is selected 
and tested. A portion of the stream is then diverted in order to 
sluice away the superincumbent sand and expose the auriferous 
gravel. ' This is washed through a bamboo strainer (ban) into a 
trough or cradle (dumni or duro)Ufi), hewn from a log of wood, 
about 4 ft. long by 16 ins. wide and 4 ins. .deep, in which the sand 
is washed off by a gentle stream of water, the heavy minerals being 
concentrated in a longitudinal groove at the head of the trough. 
At the end of the day's work the concentrates are again washed 
in the durani in order to separate as much as possible of the black 
sand, and the residue is rubbed with mercury in an earthenware 
bowl. Finally, the amalgam is placed on a Unio shell, heated over 
a charcoal fire, and the calcined shell is thrown into water, when 
the gold sinks to the bottom. When the colour is not satisfactory 
the gold is refined by re-heating with a mixture of burnt clay and 
salt. Robinson (1503 — i, 35) and Butler (249—1, 130) have given 
similar accounts of the process (B. 218). 

About the year 1853 Dalton and Hannay were deputed to report 
on the auriferous deposits of Assam (760 — 4 408), and their en- 
quiries have been supplemented by a more precise investigation 
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carried out on certain of the rivers by Maclaren (1184 — 3) in 1903-04. 
The results of these enquiries are briefly noted below. 

The gold in the majority of the rivers is considered by Maclaren 
to be derived from the Tipam or Sub-Himalayan sandstones and 
■conglomerates, a formation of upper Tertiary age. Originally, he 
thinks, the gold may have come from the crystalline rocks of the 
Miju ranges, lying between the head waters of the Lohit-Brah- 
maputra and the Irrawaddy. 

Darrang. — Wade (1861, 128) in 1807 mentions the Barapani 
•(?Borholi, 27° 0' : 92° 50') and the Buragaon or Bargang (26° 56' : 
93° 18') as bringing down considerable quantities of gold. The 

Borholi is also mentioned by Hannay (760 — 2) as one of the 

most prolific rivers in Assam. No more precise information appears 
to be available. 

Lakhimpiir. — Buri Diking. Maclaren found gold bearing gravels 
between Moko (27° 23' 30" : 95° 61' 30") and the mouth of the 

Kherim Pani (27° 26' : 95° 56'), but the gold was extremely fine 

and flalcy, and in no case did it exceed 1 grain to the ton of gravel. 

Dibong. Fairly coarse gold was obtained opposite Nizamghat 
(28° 14' : 95° 46'), but not worth more than 2 grs. to the ton 
^Maclaren, 1184 — 3, 223), 5'' 

Digaru Mukh (27° 53' 96° 7') both Dalton and Maclaren report 
only very small quantities of gold. 

Dihang. Dalton ( 408 , 92) obtained good results on this river, 
the gravels yielding 16*2 grs. to the ton. Maclaren (1134 — 3, 224) 
found small quantities of gold everywhere below Pasighat (28° 4' 
95° 21'), and considers Sibia Mukh (27° 54' : 95° 30') to be the 
most favourable locality, but no banks suitable for dredging were 
seen. 

Dikrang (27° 5' : 93° 55'). This river, according to Wade 
( 1861 , 128), was formerly esteemed the best in Assam, as regards 
both the quality and quantity of its gold. 

Janglu or JoGLO Pani. Dalton (407 — 4) estimated the outturn 
of gold in this stream at 18 grs. to the ton, but Maclaren (1134 — 3, 
217) reports that the quantity of auriferous gravel is very small, - 
and that the yield was about 0*2 grs. to the ton. The gravels 
occur only near the mouth of a small tributary stream, the Hone 
Jan (27° 19' : 95° 37' 30"). 

Lohit-Brahmaputra. Two localities between Sadiya and Brah- 
•makund were tested by Dalton and Hannay ( 408 ). At Guri Mara 
v(27° 49' : 95° 56') the yield was from 12 to 13*3 grs. to the ton. 
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At Pabghat (27° 53' : 96° 16') gold was found only in small quanti- 
ties, and the yield is not mentioned. Maclaren (1134 — 3, 223) 
considers the gravel beach at Guxi Mara to be worthy of further 
prospecting, though he obtained only 2‘3 grs. to the ton by dish 
trials. He obtained colours '' all the way between Digaru Mukh 
and Brahmakhund, but the beaches were very smalF. 

Noa Dihing (27° 33': 96° O'). Dalton and Hannay (408, 91) 
found the gold of this river to be extremely fine, and liable to be 
carried away in the washing. The yield is said to have been larger 
than in the Brahmaputra, but decreased on approaching the hills. 

Sisi (27° 32' : 94° 45'). Dalton (40*? — 4, 514) estimated the 
average yield from this river to be 15 grs. to the ton. 

SuBANSiRi. , This was formerly one of the most productive rivers 
in Assam. In 1853 Dalton- (407 — 4, 514) estimated lyhe average 
annual output at about 54 oz. Some excitement was‘ caused in 
Calcutta in 1884 by a statement published in the Englishman (J.une 
2nd) that assays of the sand had yielded 62 oz. of gold to the ton ; 
but King (987 — 3i) has pointed out that the assays were made on 
a sample of the concentrated sand. Maclaren (1134 — 3, 224) found 
that the area in which gold may be obtained is restricted to some 
6 miles below the gorge by which the river issues from the hills. He 
considered that the most promising beaches were those situated 
below a large pool at the mouth of the Derpai (27° 31' : 24° 21'). 
The total quantity of gold obtainable from the sand, after removal 
of the coarser material, is estimated at 28 grs. per cubic yard. Actual 
washing trials, without amalgamation, yielded 20 grs. per cubic yard. 
The most advantageous method of exploiting the deposits is dis- 
cussed at p. 229 seq, of the report. 

Tenga Pani. Auriferous gravels were found by Maclaren 
(1184—3, 221) between Latau (27° 45' : 95° 59') and Chonkam 
• (27° 48' : 96° 6'), but generally containing far less than I gr. of 
gold to the ton. 

Sibsagar. — Three rivers in this district are especially mentioned by 
Hannay (760 — 2, 628) as carrying gold. These are the Desoi or 
Desue, Dhansiri, and Janji. He was informed that on the Desoi 
and Dhansiri 15 men, worldng for 12 days, could obtain rather less 
than 3 oz. of gold. On the Janji the same amount could be ob- 
tained in 20 days. 

Maclaren (1134 — 3, 226) was informed that washing is only 
carried on in the Desoi for a distance of 12 miles below the Goat 
Jan (26° 35'-: 94° 26'), a small branch of the main stream, and that 
the gold isi very finely divided and not plentiful 
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BENGAL. 

midnapore. — In 1855 a sample of gold dust from the neighbour- 
hood of Midnapore (22® 25' : 87° 24'), probably from the Kasai 
R., was examined by Piddington (1405—69). It contained particles 
of a yellowish-white, malleable and tough mineral, supposed to be 
a sulphuret of gold. The gold is probably derived from Dharwar 
rocks in the Manbhum district, about the head waters of the river.. 

BIHAR AND ORISSA. 

The occurrences of gold in this province are confined to the- 
southern portion, or Chota Nagpur division, which is traversed from 
east to west by a formation consisting mainly of argillites, phyllites,, 
mica and talc schists, now correlated with the Dharwar, or auriferous- 
series of southern India. The geology of this region has been des- 
cribed by Ball (71 — 46), and again, with especial reference to the- 
occurrence of gold, by Maclaren (1134: — i). As in S. India, the- 
Dharwar rocks are traversed by quartz veins of two kinds, differing 
in physical characters and in the period of their deposition ; but 
here, in contrast with the conditions prevalent in the typical area, 
the development of gold is associated with the later generation of 
veins, in which the quartz is white and opaque, and has not been 
subjected to orogenic strain. These veins are connected with con- 
siderable outbursts of basic igneous rock. According to a report by 
r. H. Smith, quoted by Griesbach (708 — 34, 10), the richest veins- 
are mere leaders of quartz only a few inches thick. 

Many old workings have been met with along the outcrops of 
the veins, together with large numbers of grooved stones which had 
been used for crushing and grinding the quartz (Holland, 859 — 40,. 
Maclaren, 1134 — l, 68); but none of the pits appears to have been 
carried to a greater depth than 15 ft., and they were probably made, 
for prospecting purposes only. 

" The quartz veins are exceedingly numerous, and alluvial gold is- 
consequently present in practically every stream, but in no great- 
quantity. The implements used by the native gold-washers are a 
wooden tray of nearly rectangular shape, called 'patta^ and an iron 
hook, home, with which the gravel is scraped from among'’ the 
boulders and from crevices in the rocks in the bed of the streams. 
Amalgamation with mercury is not practised, but the washers are 
so expert that only the most finely divided gold is lost. Neither the 
quantity of the gravels nor the conditions under which they occur 
are favourable for hydraulic sluicing or for dredging on a remuner- 
ative scale. 
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In addition to those mentioned above, general accounts of the 
alluvial deposits have been given by Hewitt (838, 417) and by King 
and Pope (988). The latter work is compiled from all the sources of 
information available in 1891. 

The following occurrences are specially mentioned by various 
writers : — 

Bonai. — B onai (21° 49' : 85° 1'). Gold is obtained from the bed 
of the Brahmini R. at this place (B. 195). 

Durjing (21° 56' : 84° 57'). The conditions here, according to 
Maclaren (1134 — i, 88), would be suitable ^ for ' pond dredging/ 
but the average yield from the alluvial gravels was found to be 
not more than J gr. per cubic yard. 

Oangpur.— Gold is washed in the Ib, R. and some of its tribu- 
taries, particularly the Icha, at and below Giringkela (22° 8' * 
83° 50' 30")— (B. 195). 


llaiibhuin* A series of trials extending over 66 days was under- 
taken* by Ball (71—7) in 1867 in the southern part of the district, 
(xold was found in nearly all tl^e streams, but the average yield 
obtained by two native washers was rather less than | gr. a day. 
The SuBARisrARiKHA and its tributaries, the Karkari and Bamni, 
also the Tutko and Kowari, tributaries of the Kasai (Cossyio), 
are said to be the most productive streams. Patkum (23° 2' • 86° O') 
on the Karkari is mentioned by Maclaren (1184—1, 83) as a’favour- 
able locality (B. 190). 

tests made in 1896 by Anderson {see Oldham, 
o’aS ® Dhobni, near Borobhum (23° 2' : 

no gold^^ ’ disappointing, the quartz containing practically 

(173—20, 170) mentions an auriferous tract, 
S’ 26^' surrounding the villages of Kudersai 

bLi* P Sapqora, at the head waters of the 

tJp ^ 2 alluvium. 

The richest deposits occurred in the neighbourhood of dioritic dykes 

with iron pyrites, traversed by thin veins of quartz. Deposits of 
similar extent were found on the Godia stream, near rSi and 
Gohadongri (22° 24': 86° 20'). Here a layer of graveT 3 ?t 
thick and covered by 12 to 15 ft. of alluvium, was found to k the 
richest portion of the deposit. 
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Sambalpur. — Ouseley (1349 — 3) has described the process of gold 
iwrashing, as practised in the Mahanadi at Sambalpub (21° 28' : 
84° 2'), and Kittoe (994 — 5, 376) says that it is found in many of 
the streams flowing from the gneiss in the neighbourhood of the 
town. Ball C?!— 29, 190) found a party of gold washers at work 
on the Ib E. at Tahud (21° 36' : 84° -2'), but gives no particulars 
of the yield. He thought that the gold in these rivers might be 
derived either from the gneiss or from conglomerates of Talcher 
(lower Gondwana) age ; but since the discovery by Maclaren ( 1134 — l, 
72) of Dharwar rocks in the valley of the Ib, it is not necessary 
to seek further for the source of the gold (B. 200). 

Siagbbhum. — Except where otherwise stated, the localities noted 
below are taken from lists given by Haughton (785 — l, 107) and 
Ball (71 — 46, 142). The lists merely serve to indicate the places 
most frequented by the gold washers (B. 192) : — 

Asantoria (22° 36' : 85° 33' 30"). Gold is said to occur in situ 
in the neighbourhood. 

Dhipa (22° 26' : 85° 16'). Small quantities of gold are ob- 
tained from the Koel E. here and at Anandapur, a few miles higher 
up the river. 

Gurha E. Oates ( 1315 , 436) says that 15J grs. of gold were 
obtained in two weeks' washing at a point 4 miles to the E. of 
Eajdoha (22° 42' : 86° 21'). About 1 ton of gravel per day was 
washed. ^ 

Kamerara (22° 15' : 86° 43'). The sand of the Subarnarikha 
E.-^here contains gold. 

Kapargadi pass (22° 38' : 86° 23'). A nugget of gold is said 
to have |)een found close to the pass. 

Landu or Nadup (22° 44' : 86° 15'). The copper ores at this 
locality were found by Stoehr (1711 — 2, 353) to be slightly auri- 
ferous. 

Pahardiah (22° 30' : 85° 16'). In 1901 a certain amount of 
development work was carried out here on a series of quartz veins 
or beds of quartzite, in which visible gold had been detected. The 
occurrence has been described by Hatch (784 — ^2), who obtained an 
average yield of 4 dwt. of gold from 6 samples taken from several 
of the veins. According to Maclaren (1184 — 1, 78), the gold is 
associated with tj(dii veins of white opaque quartz, penetrating blue 
pyritous quartz belonging to an older period of deposition. 

PoRAHAT (22° 36' : 85° 30'). Gold washing is practised in the 
Banjai R. The locality is mentioned by Maclaren (1134 — l, 83) 
as one of those most frequented by the gold washers of the district. 
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Sausal (22° 38': 85° 30'). The mode of occurrence of gold at 
this place is described in detail hj Maclaren (1134 — l, 76) as typical 
of the whole area. The gold is confined to a few thin ' leaders ’ 
of qiiartz with argentiferous galena, extremely irregular in exten- 
sion, penetrating chloritic schist. The best samples showed about 
2 dwt. of gold to the ton ; -but not more than a ton of the quartz 
was available in sight. 

SoNAP]^T (22° 53' ; 85° 44'). The Sonapet valley has always 
enjoyed the reputation of containing more gold^than other parts of 
the district. The discovery of rich specimens in 1888, followed by 
some prospecting, led two years later to much wild speculation rn 
Calcutta ; but during the year 1892 a complete collapse set in, 
and of 32 Companies, with a capital of nearly a million pomich^i, 
floated in the early days of the ' boom," but two remained in exist- 
ence at the end of the year. An examination of the deposits made 
by Noetling (1311 — 2) in 1889 tended to confirm the exaggerated 
reports of their value, though no definite trials seem to have been 
undertaken. Later investigation by Maclaren (1134 — 1, 82) has 
shown that the mass of the alluvial ground contains from 1 to 1| gr. 
of gold per cubic yard', and that the yield from the 6 inches or 
so of bottom gravels is not more than 2 grs. per cubic yard. The 
conditions are favourable for the storage of water for hydraulic 
sluicing ; but the low value of the gravels precludes any hope of a 
profitable return. The localities considered by Maclaren (Ic.) to be 
the most promising from the prospector’s point of view arc (^/), 
the high range between Manhaupijr station (22° 22' : 85° 1G')« 
and Ankua (22° 18' : 85° 20'), where 4 samples from the Sukha 
stream showed an average of 2 grs. of gold per cubic yard ; and 
(6), the country lying between Sonapet and Sausal. 

Talcher. — Gold is reported by Blanford and Theobald (150, 88) 
to be washed occasionally in the Tikiria E. (21° 9' : 85° O'), and 
its tributary the Ouli. The quantity collected is said to be very 
small (B. 189). 

BOMBAY. 

Belgaum.— Belvadi (15° 43' : 74° 58' 30") and Honoal (15)° 
49' : 74°^ 55'). Aytoun (51 — l, 8) says that he obtained gold by 
washing in the streams that flow into the Malparba E. near these 
places; but Foote (596 — ii, 141) was unable to^pnfirm the state- 
ment (B. 207). 

Murgod (15° 53' : 74° 59' 30"). Foote was informed that 
small quantities of gold are obtained from the stream beds near 
the town (B. 207). 
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Bijapur. — Guludegud (16° 3' : 75° 51'). k report that gold 
occurs here is considered by Foote (596—11, 142) to have no found- 
ation in fact, 

Dharwar. — ^Dambal (15° 18' : 75° 50'). The existence of alluvial 
gold in the streams draining the northern and western flanks of the 
Kappatgod hills near Dambal was reported by Newbold (1294 — 16; 
— 29, 209) in 1840. Large numbers of Jal^ars, as the local gold washers 
are called, were then engaged in collecting gold from the streams 
between Dhoni (15° 17' 30" : 75° 47') and Sxjetur (15° 14' 30" : 

75° 40' 30"), especially aft^r heavy rains. The total annual outturn 
was estimated at about 200 oz. ; but when Foote visited the field 
about 30 years later he found only three men at work. 

Trial washings made by Aytoun (51 — l, 2) in 1854, and subse- 
quently by Le Souef and Schott (see Balfour, 69 — 8, 2nd Edn., 
Vol. II, 349), did not give favourable results. In 1874 Foote des- 
cribed the geology of the tract (596 — ii), and the Jalgars' method 
of washing. A cradle about 3 ft. in length, made of light planks, 
was used for concentrating the sand, which was afterwards panned 
off in a wooden tray, and the residue treated with mercury. From 
IJ cubic yards of gravel collected at what were considered to be 
the most likely spots the yield was a trifle over 6| grs., or about 
4 grs. per cubic yard (B, 204). 

During his survey of the Dambal tract, Foote (Z.c., 135) discovered 
an auriferous reef to the N. of the village of Attikatti (Huttee- 
Kuttee, 15° 16' 30" : 75° 43'), with abundant indications of ancient 
gold workings. About 30 years later the reef was prospected by 
the Dharwar Gold Mines Co., and in 1907 mines were opened by 
the Dharwar Reefs Gold Mining Co., near the village of Kabulayat- 
KATTi or Kabligatti (15° 18' : 75° 42'), in the northern portion 
of this reef. In that year 4,916 crude ounces of gold were produced, 
and in 1908 the output was increased to 7,242 oz. ; but it then 
began to decline, and the mines, together with others that were 
being developed in the neighbourhood, were closed in 1911. The 
operations at Kabligatti have been described by Ahlers (16 — l) 
and Reuning (1474). 

The Kabligatti series of reefs has been traced southwards for 
a distance of 8 miles into the Sangli State, and a parallel series 
occurs near Hosxjr (15° 18' : 75° 38'), about 3^ miles to the west. 
In both these areas there are numerous traces of old workings. 
These reefs were also being developed in 1906 by the Dharwar 
Gold Mines and other Companies, but none of them appears to have 
ever reached the producing stage, and the mines are now closed. 
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The Dambal gold field is situated near the northern end of a 
band of Dharwar rocks, described by Foote (696 — 34 , 49) as the 
Dambal-Chiknayakkanhalli, and by Maclaren (1134 — 4 , 97) as the 
Gadag band. Reefs are very numerous, but of no great extent or 
thickness. The value was found to vary from nil to 3 oz. 15 dwt. 
to the ton. Two sets of reefs were distinguished, one consisting of 
diaphanous blue quartz, associated with the metamorphosed igneous 
rocks, and a younger series of ferruginous white quartz veins, 
which V at Kabligatti are associated with carbonaceous argillites. 
At Hosur the rocks in the immediate vicinity of the quartz veins 
are talc and chlorite schists. The ancient workings, which in places 
attain a depth of 300 feet, are confined to the reefs of white quartz, 
but according to Ahlers, the blue quartz is sometimes also auriferous. 

Kathiawar. — Jacob (924 — 2, 35) states that gold in small quan- 
tities is obtained from the sands of the Sourekha R., which rises 
in the Girnar hills (21° 32' ; 70° 36'). These are said to be composed 
of granite, probably of Cretaceous age, traversed by veins of quartz 
(B. 208). 

BURMA. 

Basseiii. — Baton (1374, 379) says that gold dust and silver are 
washed from the sands of the watercourses in the neighbourhood 
of Bassein. The quantity obtained is apparently small. 

Bhaino. — The gravels of the Mole Kyaung (24° 20' : 97° 13'), 
and of the Taping (24° 17' : 97° 16'), so far as the latter river lies 
within British territory, were examined by Maclaren (1134 — 9, 114) 
in 1906, but were found, to be commercially valueless. Griesbach 
(708 — 22, 129) mentions an occurrence of gold in decomposed .gneiss 
at Myothat, on the Taping E. 

Chindwin (Lower). — Bion (127, 260) reports that gold washing is 
carried on spasmodically during . the rains at Alon (22° 12' ; 95° 
8') and Kani (22° 27' : 94° 53'). A little gold is also won in 
the bed of a torrential stream descending from the Mu-Kyaukka 
watershed near Thazi (22° 14' 30" : 95° 18'). At Kani the gold 
is said to have been collected by placing the horns of wild cattle, 
with the hair on, in the bed of the river (B. 230). Bion, however, 
does not mention this practice, ir 

Uhindwin (Upper). — In 1832 the occurrence of alluvial gold in 
the Ningthee or Chindwin R. was noted by Grant (692 — i) with a 
description of the method of gold washing, which is similar to that 
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practised in Assam, except that mercury does not appear to have 
been used. In a second paper (692 — 2, 125) he says that all the 
streams entering the Chindwin from the eastern side above Hilao 
(Helaw, 24° 10' 30" : 94° 43') carry gold (B. 227). 

In 1836 the Hukawng valley was visited by HaHnay ( 1385 , 
270 ; 760 — 6, 12), who reported that gold is found in all the streams 
draining the valley, and that it occurs in greatest abundance in the 
Kapdup and Namkwan. He says that pieces the size of a large 
pea are occasionally found (B. 230). 

During the course of an investigation of the auriferous gravels 
of Burma, the Upper Chindwin area was visited by Maclaren in 
1906, but his report was regarded as confidential, and has not been 
published. Some details were given in a communication to the 
Mining Journal (1134 — 9) in 1907, but the following information is 
abstracted from an exhaustive report submitted by Bion in 1913 
( 127 ). The localities visited are situated partly on the main river, 
and partly on the Uyu, which flows in below Homalin (24° 52' : 94° 
57'). Gold was found both in the recent river gravels and in old 
terraces above the present flood level. 

(1) In the main river. 

Helaw (24° 10' 30" : 94° 43'). Recent gravel deposits occur at 
the heads of two islands (Helaw and Gyogon), and on a small 
beach at Ywatha, extending ija all for a distance of about 1| mile 
along the river. In each case the gold was found to be confined 
to the uppermost layer of gravel, seldom more than' a foot in thick- 
ness, overlying sand with no gold. Its distribution in this super- 
ficial layer is also very inconstant. Of 16 trial pits put down, 
only three showed more than a grain of gold per cubic yard. The 
average yield was not more than half a grain. 

Trials were made at several places above Helaw, both in the 
recent gravels and in the river terraces, but in every case the wash- 
ings yielded only traces of gold. 

(2) In the Uyu river, 

Kilaung-ngo (24° 48' : 95° 14'). Gold is washed from sand 
banks in the bed of the river. The average yield was estimated at 
about 2 gr. per cubic yard. 

Kyobin (24° 50' : 95° 20'). In the neighbourhood of this 
village gold is obtained from terraces of the older alluvium, com- 
posed of alternating, lenticular beds of sand and gravel, rising to 
an average height of 50 ft, above the present river level. Thp 
deposits are worked by a system of ground sluicing. Water is led 
in channels to the foot of the scarped faces of the terraces, and the 
material dug from them is washed in tail races, connected with the 
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channels, for several days. The sand is then cleaned up and 
panned off in the usual way. 

The results obtained from a large number of trial pits and 
trenches show that, although rich pockets are sometimes met with, 
the average yield is rather less than 2 grs, per cubic yard. In one 
instance 6-666 grs., and in another 4-474 grs. per cubic yard 
were obtained. All the terraces examined lie within a radius of a 
mile from Kyobin. 

Similar terraces are reported to be worked at Mekkalbk (not 
shown on map), and in the neighbourhood, n but these were not 
-dsited. 

The district produced 46 6 oz. of gold in 1914, and 50 25 oz. 
in 1916. 

Karenni. — O’Riley (1840 — 9, 63) states that he obtained small 
quantities of gold in the Mybt-nan-kyaung, to the E. of Toungoo. 
He tras informed that the Burmese had obtained a considerable 
amount of gold at this locality. 

^untho) 1 * — Kyaukpazat (24° 6' : 95° 54'). A specimen of 

auriferous pyrites from the head waters of the Meza E., to the 
H. of Wuntho, was analysed by Romanis in 1886 (1511 — lO; — 12), 
and found to contain 87-66 per cent, of gold. Concentrates from 
the same locality gave 74-83 per cent, of gold with small quantities 
of platinum and iridosmine. In 1894 the tract was examined by 
Noetling (1311 — is, 117), when the source of the gold was found 
in a network of pyritous quartz veins traversing a series of bedded 
andesitic tuffs, possibly of Devonian age. 

A mine was soon afterwards opened at Kyaukpazat, where 
Mr. C. M. B. Wright had discovered traces of old Burmese workings. 
'The vein, as described by Stonier (1715 — l), was 240 ft. in length 
with an average thickness of 3 ft. 6 ins. In 1900 it had been proved 
to a depth of 420 ft. The average yield of gold was about 14 dwt., 
of which 9 dwt. was extracted by milling. The mining operations 
have been described by Bromly (200) and Maclaren (1184 — 9), and 
the process adopted in oyaniding the ores by Wright (1972 — l). 

The output of gold from the mine increased from 1,120 oz. in 
1898' to! 1,984 oz. in 1902, but in the following year the pay chute 
vtas lost, and efforts to discover other profitable veins in the neigh- 
■bourhood ha-ving failed, the enterprise was abandoned. 

An auriferous vein of similar character, but only 9 ins. in thick- 
ness was discovered by Stonier (1715 — l, 63) at a spot about 14 
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miles to the N. of Banmauk (24° 24' : 95° 54'). Where tested it 
contained 9 dwt. of gold to the ton, with 2 per cent, of copper, 

Kyaukse. — Middlemiss (1219 — 22 , 151) was informed that gold 
■occurs in situ in quartz rock or gneiss on a hill about 3,000 feet high, 
about 10 miles to the N.E. of Myooyi (21° 27' : 96° 24') in the 
Baw State. This is perhaps the site of a " gold mine ' mentioned by 
Strover (1721) as occurring near the Myitnge R. to the S.E. of 
Mandalay. 

Mergui. — Both Heifer (808 — 5, 33; — 7, 231) and Bose (173 — 18, 
163) mention gold washing on a small scale in the Tenasserim R. 
at the old town of Tenasseeim (12° 5': 99° 3'), and Heifer also 
.speaks of its occurrence in the tributaries of the Lamaing R. The 
attention that has been bestowed of late years on the alluvial 
deposits of tin ore in the district renders it improbable that gold 
should have escaped notice, if it occurs in payable quantities. 

Page has reported (see Holland, 859 — 71 , 56) the existence of 
gold washings on Hoesboeough I. (10° 12' : 97° 55'), and of 
pyritous veins carrying 10 dwt, of gold to the ton on Russel I. (?), 
in the Mergui Archipelago. 

Myitkyina. — In 1901 a concession was granted to Messrs. Moore 
and Terndrup for dredging in the Irrawaddy for a distance of 120 
miles below the cqnfluence of the Malikha and the 'N Maikha 
(25° 44' : 97° 33'). The concession is now held by the Burma 
Gold Dredging Co., and covers about 60 miles along the course of 
the main river, 25 miles on the eastern branch, the 'N Maikha, and 
5 miles along the Malikha. The number of dredges has been in- 
creased from one to five. Gold is disseminated fairly uniformly in 
the gravel. The average value is about 3 grs. per cubic yard. 

The annual output during the first five years of working increased 
from 370 oz. to 7,950 oz., and in 1909 reached 9,041 oz. It then 
fell off to an average of 5,270 oz. for the four years 1910 to 1913. 
The output in 1914 was 3,635 oz., and in 1915, 3,107 oz. 

Pakokku. — Scott (1601, Vol. II, Pt. 2, 722) records that gold 
was washed up to the time of the annexation of Upper Burma 
in the Bahonchaung near Chaungzongyi (21° 49' : 94° . 48'). 
Small quantities of gold are still returned as being procured in the 
district. The combined output from Hatha and Pakokku was 
20*31 oz. in 1913, and 12*59 oz. in 1914. 
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Promc.— Shwegyaing (18° 3' : 95° 30'). Gold wasliing on a 

small scale was witnessed by Theobald (1763 — 16, 343) at this place. 
The gold was found in a bank of coarse gravel, left dry by the river 
after the rains (B. 228). 

Shan States (N.). — Loi Sae (22° 41' : 96° 31'). A small area in 
the southern part of the Mong Long State, in which it was reported 
that gold washing was practised % the Shans with good results, 
was examined by Coggin Brown (211 — 3) in 1911-12. The locality is 
difficult of access, and as the streams flow in deep, narrow ravines^ 
the gravels are of limited extent. In the largest of the streams, 
the Hwe-gna-sang, draining the eastern flanks of Loi Sar, the 

deposits cover an area of 9| acres only. Trial pits gave an average 
yield of 3*185 grs, of gold per cubic yard. The highest yield, 
9*687 grs. per cubic yard, was obtained from the bottom layer 
of a patch of gravel, about 1| acre in extent, at Kungwo, 2 
miles to the S.B. of Loi Sar. The gold is derived from a series of 
quartzites and chloritic slates of pre-Cambrian age, traversed by 
numerous quartz v^ns. Although the gold is coarse grained, and 
is sometimes found adhering to quartz, none of the veins, when 
tested, showed any trace of gold. 

Namma R. (22° 55' : 98° 29'). In 1905-06 an attempt was 

made to exploit the auriferous gravels on the Namma R., a small 
tributary of the Salween, by dredging. Preliminary exploration had 
shown the existence of some 40 million cubic yards of gravel, with 

an average value of 5*43 grs. of gold per cubic yard. It was soon* 

found, however, that the clay in which the pebbles and boulders 
are embedded had been hardened in places by infiltrations of carbo- 
nate of lime, which interfered seriously with the working of the 
dredge, and the venture ended in failure ( 862 , 96). 

Shan States (S.)* — Loi Twang (21° 56' : 97° 43'). The existence 
of coarse gold in the streams on the northern side of Loi Twang, a 
hill situated at the junction of the Mong Tung, Kehsi Maiisam, 
and Mong Kiing sub-States, was brought to the notice of Govern- 
ment by the Sawbwa of Hsipaw in 1905. In the following year 
trial pits were put down and washings made by La Touche ( 1034 -— 3 3 ) 
in all the streams draining the hill ; but the results were disappoint- 
ing, the quantity of gravel from which an average yield of more 
than a grain per cubic yard might be expected being very small. 
The gold is derived from sandstones, probably of Cambrian age. 

The Shan gold washers use a circular wooden tray, hollowed to 
the form of a shallow cone, and painted with black lacquer on the 
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inside, in order to show u-p the spangles of gold. Amalgamation 
with .mercury is not practised. 

Magwe (20° 37' 30" : 96° 36'). Middlemiss (1219—22, 151) was 
informed that gold occurs about to 5 miles to the W.N.W. of 
Magwe, in the Thamakan State. It is said to be found in a quartz 
vein, and to be washed for in the streams to the N. and N. W. of 
the same place. 

Taunglebyin (20° 40' : 96° 29'). Jones (952 — 4, 194) was in- 
formed that gold is obtained from a stream near the village, but was 
unable to visit the place. 

Sliwcbo. — Thing ADAW (22° 57' : 96° O'). Oldham (1326—17, 336) 
and Anderson (29—2, 201) mention gold washings in the Kibiiing 
and Ponnah streams, in the neighbourhood of the Thingadaw coal 
mines (B. 231). 

Ton and a half ounces of gold are returned as having been collected 
in this district in 1914, and 7*31 oz. in 1915. 

Tavoy. — Kalein Aijng (14° 36' : 98° 12'). Small quantities of 
gold arc obbaimid, according to O'Riley (1340 — 3, 737 ; — C, 21) 
from the Dzin Ba Kyautig and the Im Ba Kyaung, near the head 
of the Tavoy river ; and from the streams flowing into the bay of 
Henzai (HEiNzfi, 14° 45' : 98° O'.) 

Toungoo. — Shwegyin (17° 66' : 96° 65'). A small sample of 
auriferous sand procured near the junction of the Mu-ta-ina and 
Shwegyin rivers, about 10 miles to the S.W. of Shewgyin, was 
reported on by Oldham in 1853 (1326 — 4) and 1856 (1326 — 11). 
One-fifth of a cubic foot of .sand yielded 0*95 gr. of gold, or at the 
rate of over 100 grs. per cubic yard ; but subsequent exploration 
showed that the average value of tlie deposits was too low to repay 
the cost of working (B. 228). 


CENTRAL PROVINCES. 

The most recent information regarding the occurrence of gold 
in the Central Provinces is given by Nunn (1313) in a ’monograph 
on local gold and silver ware, published in 1904. With one excep- 
tion, the gold is obtained by washing the sands of the rivers which 
drain areas occupied by Dharwar rocks. In quantity it appears tO’ 
be no more than sufficient to afford occasional employment to a 
few individuals. 
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Balaghat. — Lanji (21° 30' : 80° 36'). G-old is wasted from tte 
sands of tte Son and Deo rivers in Lanji pargana, according to 
Jenkins (938 — 1, 213), Wilkinson (1933, 292) and Hislop and Hunter 
<843, 380). 

Mau (22° 13' 30" : 80° 12'). In tte Natr R. 

Panoheea (21° 55' : 80° 16'). In tte Sonabera E. (B. 202). 

Bastar.— Kolar (19° 64' 30": 81° 12'). Partabpxjr (19° 59' 
30" : 80° 48'). In tte Kolar R., according to Bose {see Griesbact, 
708 — 31, 38). Tte Central Provinces Gazetteer also mentions Bha- 
RAMQARH (19° 25' : 80° 39' 30"), at the junction of tte Kuttari 
and Indravati rivers (B. 202). 

Bhandara. — Ambagarh (21° 26' 30" : 79° 43' 30"). In tte Maru 
stream, according to Willdnson (1933, 292). 

Tirora (21° 24' 30" : 79° 59'). In a small tributary (?Bagtnadi) 
of the Wainganga (B. 202). 

Nunn (J.C., 7) quotes an account of tte method of gold wasting, 
which is similar to that practised in Jastpur and Singtbhum. 

Bilaspur* — Sonakhan (21° 24' : 82° 38' 30"). In tte Jonk R., 
according to Willcinson, A former gold mine, beneath tte till at 
Sonaktan, is mentioned by Voysey (1853 — 7, 857) — (B. 201). 

Jasiipiir. — Pharsabahal (22° 30' : 83° 55'). A report submitted 
by Robinson in 1849, on a gold tract lying in tte valley of tte Ib R., 
in this neighbourhood, was published by Haugtton (785 — l, 107) 
in 1854. Groat activity tad been shown in working the deposits, 
which are described as being riddled with shafts from 21 to 60 ft. 
in depth. A full account of the operations of tte Jhoras, or gold- 
washers, was given by Dalton (410 — l, 13) sixteen years later. A 
cradle, dhuin, is used for concentrating the sands, and a tray of 
smaller size than that used in Singtbhum, but twice as deep, for 
panning off the concentrates. A modified form of ground sluicing 
is also practised during tte rainy season (B. 196). 

No estimate of tte value of tte gravels has been pubtsted, but 
Robinson considered that they might bo worked with profit. Tte 
gold is probably derived from bands of Dtarwar rocks, discovered 
in this and tte adjoining tracts by Maclaren (1134 — i, 72). 

Jiibbulpore. — Slebmanabad (23° 38' 30" : 80° 19'). Tte metalli- 
ferous lodes in this neighbourhood, already mentioned under tte 
heading Copper, have been found to contain a certain amount of 
gold, varying from nil up to’ 15 dwt. to the ton (861, 236). 
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Mandla: — Gold is said to tave been washed in the Banjar R, 
before the famine of 1896 — 97, but the practice has since been 
abandoned as unprofitable (Nunn, Z.c., 6). 

Raipur. — ^Rajoo or Eajim (20^^ 58' : 81° 56'). According to 
Wilkinson (1933, 292), gold is washed here from the bed of the 
.Mahanadi E. (B. 201). 

Seoni. — Paohdhar (21° 44' : 79° 31'). In the Pachdhar and 
Bawenthuri rivers. The takings are said to have averaged 3 or 4 
annas a day {see Hayden, 793---31,, 20). 

Udaipur.— E abkhob or Dharamjaigarh (22° 28' 30" : 83° 17'). 
The deposits of the Mand R. here, as described by Haughton (785 — l, 
110) and Dalton (410 — l, 22), are similar to those in Jashpur, and 
were worked in the same way. The yield of each dhdn or cradle 
is said to have been about 3 grs. a day. 

Gold is also washed on the following tributaries of the Mand R. 
On the Bharari at Bakaruma (22° 31' 30" : 83° 29'). On the 
Korija at Kamhar (22° 35' : 83° 18' 30"). On the Maini at Jamaroi 
( 22° 34' : 83° 48'). And on the Bangui at Bai'kao (22° 43' : 83° 
22' 30") ‘ and other villages in the neighbourhood (B. 198). 

HYDERABAD. 

Raicliiir. — The gold fields of. this district are situated on the 
Maski band of Dharwar rocks, described by Foote (596 — 34, 34) 
in 1889. Largo numbers of ancient worldngs wore noticed at throe 
localities : — 

Hutti (1G° 12' : 76° 43'). Now worked by the Hutti (Nizam's) 
Gold Mines, Ltd., an offshoot of tlio Hyderabad (Deccan) Go. The 
oldAVorkings here are the deepest known in India, one of the shafts 
at least reaching a depth of 620 feet. 

Crushing began in 1903 with 10 head of stamps, since increased 
to 30. The total output for 11 years, 1903 to 1913, has been 
150,740 oz., or a yearly average of 13,700 oz. The output in 1914 
was 21,200 oz., and in 1916, 17,870 oz. 

Topuldodi (16° 10' : 76° 51'). A mine was opened here by the 
Topuldodi (Nizam's) Gold Mines, Ltd., in 1908, when 2,132 oz. of 
gold were produced. Further development, however, showed that 
the ore is of very low grade, and the mine was soon closed. 

WoNDALLi (16° 14' : 76° 48'). A subsidiary company was formed 
to open up the old workings here about the year 1891, but ceased 
operations in 1900. The most productive year was 1899, when 
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18,970 tons of ore were crushed for a yield of 7,822 oz. (Maclaren,, 
1134—11, 258). 

WaraiigaK — Walker (1868 — c, 184) mentions a tradition that a 
gold mine was formerly worked by the Paluncha Raja at Gudalije 
near Mtjngapet (18° 15' : 80° 35'), and that gold was washed in 
seve al of the streams flowing into the Godavari. Ball (see King,, 
987 — 23, 199) thought that the gold procured from the bed of the 
Godavari at Mungapet, and at the mouth of the Kinarsani E. near 
Bhadeaciialam (17° 40' : 80° 67'), is brought in by streams on 
the Hyderabad side of the river, and that it is doubly derivative 
from Kamthi (Goiidwana) rocks (B* 187,203). 


KASHMIR. 

Baltistaii.— B asha R. , (35° 41' : 75° 30'). Vigne (1846—4, Vol. 
II, 287) says that gold dust is procured from the sands of this river, 
which is said to bo the most productive in Little Tibet. 

Kapalu (36° 10' : 76° 24(). Gold washing at this locality is 
mentioned by Thomson (1777-^3, 212). 

Dras. — K haebu (34° 33' : 76° 3' 30"). Old diggings in auriferous, 
sands are mentioned by Bellew (103 — 3 , 103). The deposits were 
examined in 1907 by Huntington (897 — 7, 52) with disappointing 
results. 

Ladakh. — The occurrence of gold in the Indus and Sliyok rivers 
is mentioned by Cunningham (399 — 5, 232), but no particulars of 
the yield are given. 

Achinathang (34° 31' : 76° 42' 30"). A number of pits made 
by Balti gold washers were noted by Drew (508 — 3 , 267) in an 
alluvial terrace about 120 ft. above the Indus R. at this locality. 

Kio or Skio (34° 0' : 77° 19'). Great numbers of pits, many 
of them of recent excavation, were seen here by Lydekker (1109 — 22, 
49 ; — 38 , 333) in 1880. The gold is believed to have been derived 
from quartz veins in the neighbouring Ruling (Carboniferous) series 
(B. 213). 

Kupshu. — P aea E. Small quantities of gold are said to have 
been obtained by Tibetans from sub-recent gravels at Chaoya 
Samdo (32° 32' : 78° 42'), on the border between Rupshu and 
'T'o-tzo. A small amount of material was panned[by Hayden (793 — 9, 
102), but no gold was found. 
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The production of gold in Kashmir is subject to great fluctuations. 
In 1903 the output in Ladaldi was 106 oz., but in the three follow- 
ing years it was returned as 24 oz., 10 oz., and 4-8 oz., respectively. 
Since the year 1905 the only output recorded has been 236 oz. in 
1910. 

MADRAS. 

Aiiantapur. — A belt of Dharwar schists, including several large 
■ quartz reefs, was discovered in this district by Wetherell (1915 — 6), 
in 1902. Old gold workings were found near the village of Ramoiri 
( 14° 18' 30" : 77° 33'), and two Companies, the North Anantapur 
and Jibutil Grold Mines, Ltd., are now at work on the development 
•of the property. The production of gold has risen from 2,632 oz. 
in 1910 to 23,870 oz. in 1916 (862, 92). 

Bellary. — J ajkul Gudda (14° 51^ : 76° 6' 30"). Gold was obtain- 
ed by Foote (596 — 30 , 196) from some of the streams draining the 
Jajkul Gudda, a hill lying about 6 miles to the E.N.E. of Harappan- 
halli. The streams in order of richness were the Konganahosur on 
the east ; a small stream W. by N. of Chiggaterii ; and a stream 
near Ohangalu on the western side of the hill. Maclaren (1134 — 4 , 
119) says that exhaustive trials in the Konganahosur stream gave 
very poor results. 

Coimbatore. — Some outlying bands of supposed Dharwar schists, 
-associated with charnockite and basic intrusive rocks, on which old 
gold workings had been discovered by Mr. E. Morris, were reported 
on by Hayden (793 — 7) in 1901. Four sets of old workings 
were examined, situated at the following localities ; — 

Bensibetta (11° 42' 30" : 77° 21'). No free gold was observed 
in the reefs, but it occurs in the soil near the outcrop in consider- 
able quantities. Samples taken from two old shafts sunk on small 
i leaders of quartz gave an average yield of 7 dwt. per ton, and traces 
of gold, respectively. 

Hadabanatta (11° 66' 30" : 77° 21' 30"). Old workings are 
'Very numerous, but not more than 20 ft. in depth. The reef varies 
from 1 ft. 9 ins, to 8 ft. in thickness, and contains copper as well 
. as gold. Of 12 samples taken only 2 yielded more than traces of 
gold. . . ^ 

Kavudahalli (12° 4' : 77° 30'). Old workings can be traced for 
about 3 miles. Prospecting operations have shown that the ore 
bodies are mere stringers of quartz, of no practical importance. 

Porsedyke mine, IJ mile to the N.E. of Porseoaundanpalayam 
( 11° 53' 30" : 77° 21'). Three shafts had recently been sunk near 
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some old workings on a large reef, but no traces of the reef had 
been found below ground. 

Madura. — P alakanath (10° 27' 30" ; 77° 62'). Small quantities 
of gold are obtained, according to Muzzy (IS^S, 101) and Nelson 
( 1286 , 30), from the detritus brought down from the Palni hills. It 
is also said to be found in the Veigei R. (10° 0' : 78° O'), draining 
the same hills further to the south (B. 179). 

Malabar. — The occurrence of alluvial gold in the rivers and 
streams of the southern portion of the Malabar district has received 
attention at intervals since the year 1793, when information on the 
subject was supplied by the local officials to the Governor of Bombay 
{see Sheffield and Nicolson, 1617 ). Reference is made to it by the 
following writers : — 

1829. Young (1983, 48). Fine specimens of gold are said to be 
found in the rivers west , of the Nilgiris. 

1831. Sheffield ( 1617 , 5). Gives a list of the streams which afford 
the largest supply of gold, and the results of an enquiry carried out 
by Lieutenant Nicblson. , The quantity obtained by one man per day 
was from 2 to 6 grs. Two grains was considered a fair average. 
A Committee appointed to consider the question of working the 
deposits on a large scale came to the conclusion that they would 
not prove remunerative. 

1835. Baber (54 — 2). Refers to the prevalence of gold in the 
rivers and streams draining the western slopes of, the Nilgiri hills, 
and estimates the area over which the soil’ is impregnated with- 
gold at 2,000 sq. miles. The washing was performed by slaves. 

1847. Anon ( 35 — 36 ). A summary of Sheffield's and Nicolson's 
observations. 

1857. Balfour (69 — 8, 2nd Edn., Vol. II, 348). Gives a list of 
the rivers and streams in which gold is found. 

1896. Lake (1025 — l, 238). States that gold washing is prac- 
tised in many of the rivers, principally at Nilambar (11° 17' : 76° 
17') and Manarkad (11° 15' 30" ; 75° 59'). 

(Wynaad). — ^During the enquiry carried out in 1831, Nicolson had. 
discovered the remains of numerous old gold workings, made by a 
mining people known as Karumbars, along the outcrop of quartz : 
reefs in the S.E. Wynaad. About the year 1875, the Alpha Gold 
Co. was formed for the purpose of prospecting these reefs, and in 
that year a report on the alluvial occurrences of gold and on the 
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distribution of the reefs was furnished hy King (987 — 13). Many of 
them were found to be auriferous, and an average yield of 7 dwt., 
of gold to the ton was obtained from 16 trial crushings. In a second 
report, dated three years later (987 — 16 ), King gives full details of 
the prospecting operations which had been carried out in the interval 
by the Alpha and two other subsidiary Companies in the neigh- 
bourhood of Devala (11° 28' : 76° 26') and Pandalur (11°' 
29' : 76° 24'), where the most numerous and productive reefs are 
situated. From a total of 1,192 tons of quartz crushed, 271 oz., 
9 dwt. 13 gr., of gold had been obtained, or an average of 4-5 dwt. 
to the ton. 

Notwithstanding these poor average results, the occasional dis- 
covery of surprisingly rich leaders of quartz led to the flotation oE 
no less than 33 companies between the years 1879 and 1881, with an 
aggregate capital "of £4,050,000 ; but the quantity of gold produced 
was so small, amounting to no more than 630 oz. by the year 1883, 
according to Leighton (1052), that operations wore giudually siis-* 
pended, and the Alpha mine was finally closed in 1893. 

During the coui’se of the " boom " the following reports and 
accounts of the gold field were published : — 

1878. Peglor (1379). A report on tho geology and auriferous 
reefs of the gold tract. 

1880. Brough Smyth (1671). Gives a full account of tho topo- 
graphy, geology, and mode of occurrence of the gold. The old 
workings and the methods of the native miners are described. The 
results of trial washings given in the report are more favourable 
than those obtained by King. Excluding some of exceptional .rich- 
ness, 88 samples yielded on the average 1 oz. 8 dwt. 22 grs. of gold 
to the ton ; but the best average result obtained by the Alpha Co. 
is said to have been 10 dwt. 12 grs. to the ton from 322 tons of 
quartz crushed. 

1880. Ryan (1536). Considers that the existence of gold in 
workable quantities, over an area of about 525 square miles, has 
been proved. Discusses tho economic conditions of tlie field. 

1880. Anon (85 — 30 ). A general account, compiled from Brough 
Smyth's and Pegler's reports. 

1881. King (987 — 24 ). A brief description of the quartz reefs' 
and their probable value. 

1881. Jennings (942). Account of a visit to the gold field. 

1881. Harvey (781). A general description of the reefs and of 
the native methods of ■working. 

1881. Rowe (1625). A general account of the mode of occur- 
rence of the reefs. 
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1883. Darlington {see Hayden and Hatch., 794, 6). Eeport on 
properties held by the Consolidated Gold Co. Considers the ore so 
deficient in quantity, and the quality so poor, that remunerative 
mining is impossible. 

1896. Charleton (304). Describes the situation and geological 
features of tlje gold field. The average yield is said to have b:en 
seldom more than 1^ to 5 dwt. of gold to the ton. 

During the years 1899 to 1900, a fresh investigation was under- 
taken by Hayden and Hatch (793 — 6 ; 794), dealing principally 
with the reefs near Devala and Pandalur formerly worked by the 
-Alpha and Phoenix Cos. respectively. Many of the reefs sampled 
were found to consist of a series of lenticular masses of quartz, or 
small isolated bodies of ore, in which the bulk of the gold was asso- 
ciated with sparsely disseminated strings and patches of iron pyrites. 
The average assay value of 174 samples from the Alpha mine was 
1-6 dwt., and of 93 samples from the Phoenix mine 2 dwt. to the 
ton. No bands of ore were met with that would justify the continu- 
ance of prospecting operations. 

MYSORE. 

The fact that the table land of Mysore is traversed from north 
to south by the two principal bands of Dharwar schists, and that 
outlying bands and patches of the same rocks frequently occur 
within the limits of the State, accounts for a wide distribution of 
gold and of ancient gold workings in this part of southern India. 
With the exception of Bangalore, the existence of gold to a greater 
or less extent has been proved in every district, and from one of 
them, Eolar, comes 92-5 per cent, of the gold now produced in India. 

The particulars of the occurrence of gold at the localities men- 
tioned below are extracted, except where otherwise stated, from the 
descriptions of the Dharwar series published by Foote between the 
years 1882 and 1889 (596 — 22 ; — 34). 

Chitaldroog. — Halekalgxjdda (14° 27' 30" ; 76° 12'). Some fine 
quartz reefs were seen on the hills to the S.W. of the village. A 
good show of gold was obtained near the north end of the hills 
(596—34, 63). 

Honnamaradi (14° 28' 30" : 76° 25' 30"). Highly promising 
quantities of gold were obtained from two streams on the E. and W. 
sides respectively of a small hill to the N. of the village. Medium 
sized quartz reefs were seen close by (596 — 34 , 51). 

Kotemaradi (14° 18' : 76° 28'), A small stream draining the 
western and northern slopes of the hill carries a notable * quantity 
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of coarse gold (596 — 34, 52). The tract was examined by Sambasiva 
Iyer (1548 — 2) in 1901, when several quartz reefs and old workings 
were discovered. 

Malla Benotr (14° 21' : 75° 48'). A very good show of gold 
was obtained from a small stream flowing into a tank near the 
village, from a ridge partly consisting of chloritic schists with small 
veins of blue quartz (596—34, 45). 

Nelabaigudda (13° 60' : 76° 39'). Several old workings were 
found by Sambasiva Iyer (1548 — 5, 110), some of them reaching 
150 ft. in depth. Gold was obtained both from the surface soil 
and from quartz reefs. 

Hassan. — G ollarahalli (13° 10' : 76° 20' 30"). A small outlier. 
There are old workings of great superficial extent, but mostly very 
shallow. The eastern side appears to deserve deeper prospecting 
(596—34, 18). 

Jalgaranhalli (13° 12' : 76° 24' 30"). No reef was seen in the 
old workings, but a good show of gold was obtained from scrapings 
(596—34, 18). 

Karadihalli (13° 29' : 76° 19' 30"). An outlier of very small 
extent. Gold was obtained from the northern end by washing, 
and two or three reefe were seen (596 — 34, 17). 

Mallanhalli (13° 10' : 76° 27'). A moderate show of gold 
was obtained from scrapings in a large pit, unconnected with any 
visible reef. A large reef of promising appearance was seen a little 
to the N. of the pit (596 — 34, 18). 

Nuggihalu (13° 1' : 76° 32' 30"). Some old workings occur on 
Tagadurbetta, to the N. of the town. There are a few reefs of no 
great length or thickness. A very rich show of gold was obtained 
from scrapings in an old pit of large size at Kempinkot, near the 
southern end of the outlier ( 596 — 34, 19 ). 

Tellavari (13° 20' : 76° 20'). No good-looking reefs were 
noticed, but a fair show of gold was obtained from one of the small 
old workings (596 — 34,18). 

Kadur. — A jjampur (13° 43' 30" : 76° 4'). Prospecting opera- 
tions in connection with old workings on Honnegudda hill have been 
described by Sambasiva Iyer (1548 — 3). The hill is composed of 
schistose conglomerates, with veins and reefs of bluish white quartz 
rich in pyritous minerals, and yielding some gold on assay. The 
old workings are of large dimensions. 

Chikmagalur (13° 19' : 76° 50'). Many of the samples collected 
by Balaji Eao (68-6) from bands of quartzite between Kalaspur 
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(13° 17': 76° O') and Kabtikere (13° 17': 76° 51') sliowed traces- 
of gold. 

Nandi (13° 38' SO" : 75° 65'). Old workings were found by 
Priruiose (1431 — c) about IJ mile to the S.-W. of the village, and 
slight traces of gold in the surface soil Slater (1649 — c, 19) states 
that numerous old workings occur for a distance of about 16 miles 
to the south. 

Tarikere (13° 42' 30" : 76° 62' 30"). A little gold was found 
by Primrose (1431 — 4 ) in the surface soil, but no auriferous reefs 
were met with. 

Koliir. — The narrow belt of Dharwar schists on which the Ivolar 
gold field is situated has been traced for a distance of about 50 
miles from north to south, but the productive quartz veins are con- 
fined to a portion of the band, some 4 miles in length, in the neigh- 
bourhoqd of Marikupram (12° 65' : 78° 19' 30"). The earliest 
account of the occurrence of gold in this tract is due to Warren 
(1891 — 1), who was engaged in the survey of the eastern frontier of 
Mysore in 1802. Gold was found in the surface soil over an area 
of about 130 square miles. Especially rich deposits are said to 
occur in the valleys of the Poniar and Palar rivers, the yield in 
some cases amounting to 12*5 grains \o the ton of alluvial soil. 
Mining on a small scale was in progress at or near ' Marcooptm ^ 
(Marikotpam), where there were pits about 30 feet deep, with hori- 
zontal galleries at the bottom. These, as Newbold observed in 
1845 (1394 — 44 , 651), were not excavated in the solid rock, but in 
decomposed schist filled with fragments of quartz derived from the 
veins. ^ The quartz extracted was pulverised by women, and the 
gold recovered by washing and amalgamation. In still earlier times^ 
however, as recent development work has shown, the shafts were- 
carried down into the solid quartz, to a depth in some cases of as much; 
as 300 feet (B. 185). 

The modern history of the field dates from the year 1871, whem 
Lavelle obtained a concession covering 20 square miles in the Kolar- 
district, and began sinldng a shaft on the block now owned by the 
Ooregum Gold Mining Co. (see Evans, 556 — 9 , 162). Little progress 
was made until 1880, when large amounts of capital were sub- 
scribed for the purpose of opening up the reefs ; but at first the 
conditions governing the distribution of payable ore within the 
veins was not understood, and much of the working capital 
was wasted in mining in barren ground and among the old work- 
ings. Finally, the Mysore Co. succeeded in 1885 in bottoming 
one of the old shafts at a depth of 229 feet, and discovered a rich 
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‘ cliute ’ of ore. Since tten the history of the field has been one 
of practically uninterrupted success. _ , 

The follovdng papers deal with the geology and industrial deve- 
lopment of the field : — 

1880. Anderson (26 — i ; — 2). Accounts of a visit to the field. 

1881. MervjTi Smith (1654—1). A general description of the 
ancient gold workings, and of early attempts to develop 
the industry on modern lines. 

1882. Foote (596 — 22, 199). Notes on the geolo^. Defines 
the limits of the schist belt, and recognises its synclinal 
structure. 

1886. Mervyn Smith (1654.-2). A general report on the 
field, and an account of the ancient gold worldngs. 

1886. Anon. (35 — 38 ). . A general description of the geology 
of the district. 

1888. Anon. (35 — 39 ). Notes on the development of the- 
gold mining industry. 

1889. Foote (596 — 34 , 37). Supplementary notes on the- 
geology of the field. 

1889. Bosworth-Smith (ITS — i). A full report on the topo- 
graphy, geology and mineralogy of the field. Two sets 
of qiiartz veins are distinguished, the one composed of 
blue auriferous quartz in discontinuous, lenticular masses 
striking parallel with the foliation of the schists; the 
other of white quartz running in a transverse direction. 

1890. Leveill6 (1067 — 2). A brief account of th6 mines. 

1893. Mervyn Smith (1654—4). A description of the old 
workings, and of the geology, with special reference to- 
' the Champion or principal lode. 

1894. Elliott (539, 191). An account of the development, 
of the field. 

1896. Chaiioton (304, 355). Describes the geology of the 
field, and gives details of the woiidng and output of , 
the mines. 

1898. Pitblado (1407). Gives an account of the process 
of cyaniding, as practised at the Mysore Co.’s mines. 

1901. Evans (555 — 9, 169). Describes the geology of the- 
field. Considers that the auriferous reefs are to be 
regarded as interstratified deposits rather than as fissure 
veins. .Suggests that the multiplication of the reefs in. 
the northern portion of the field is due to repeated folding 
and faulting, and that the structure is not that of a 
simple synclinal. 
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1901. Hatch (784 — 1). A full report on the geology arid 
mineralogy, and on the methods of mining and of gold 
recovery practised on the field. The distribution of 
the gold in payable ' chutes ' within the Champion lode 
is described in detail. 

1904. Mervyn Smith -(1654 — 7). Describes the various 
members- of the belt of schistose rocks in which the 
auriferous reefs occur, and gives a summary of previous 
observations. 

1905 . 1 T , . , r (1060—1, Z )-) ^ 

1907. i |i 0 g 5 _ 2 ^ j General accounts of the 

development of the gold mining industry in Mysore, 
with remarks upon the possibility of its extension. 

The production of gold in this field has hitherto been entirely 
■derived from the Champion lode, which has a length of about 4 
miles, with an average width of about 4 feet. The total output, 
from the year 1883 to the end of 1913, amounted to £42,444,652. 
The maximum for one year was reached in 1905, when the value 
■of the gold produced was £2,373,457. Since then, though thoro 
has been an ipcrease in the tonnage of ore crushed annually, the 
yield has declined, the average value for the five years 1909 to 1913 
having been £2,127,348. In 1914, 562,355 ox., worth £2,159, (i04 
were produced ; and in 1915, 571,199 oz., worth £2,185,409. 

Mysore.— Aeakerb ( 12 ° 25' : 76° 52' 30"). Attwood (50, 0-16) 
mentions the occurrence of several promising q^uartz veins, at tho 
S. E. end of a band of Dharwar schists lying to the E. of Seringa- 
patam. One of the veins, called the Elliot lode, has been proved 
to a depth of 60 feet, and contained free gold accompanied by 
•arsenical and iron pyrites. 

BELLffiETTA (12° 38' : 76° 29' 30"). An outlying band of Dhar- 
Tvar schists about eight miles in length.. Numerous old workings 
vrere seen, especially on Bellibetta bill, and the indications of gold 
were decidedly favourable (596 — 34, 20). 

Chinkere ( 1 ). Balaji Rao ( 68 — 5 , 152) notes the occurrence 
•of an auriferous reef about half a mile to the E. of the ruined village 
of Chinkere. 

Holgerb, Valgere, or Woolagiri (12° 4' 30": 76° 40'). Very 
small reefs and old workings were noted by Foote (596—34, 22), 
■and poor results were obtained by washing. According to Bos^^ 
Worth-Smith (176 — 2), there is a considerable body of ore, with an 
average value of 4 dwt. of gold to the ton, but it appears to pinch 
out below a depth of 116 feet. 
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Honnabetta (12° 47': 76° 48'). G-ood washings of gold were" ob- 
tained at the extreme north end of the outlier ( 596 — 34 , 55). 

Honnemuba (12° 40' : 76° 47'). Extensive gold workings, along 
a ridge of Dharwar schists to the N. of the village, are mentioned, 
by Attvood (50, 643). 

Kalinganahalli (12° 58' : 76° 54'). Good washings are re- 
ported, but no reefs of any size were seen (596 — 34, 56). 

Kabimuddenhalli (12° 12' : 76° ^'). ') These are small 

Nadapanhalli (12° 15' 30" : 76° 26' 30"). > outlying patches of 
SONNAHALLI (12° 11' 30" : 76° 28' 30"). ) Dharwar schists,, 

situated about 14 miles to the W. of Mysore city. Old workings are 
very numerous in each case, but the results of washings were not 
encouraging (596 — 34 , 21). 


Shimoga — Honnagudda (13° 51' : 75° 46'). Gold was found by 
Sambasiva Iyer (1548—1), generally distributed through the soil. 

Honnahatti (13° 46' : 75° 43' 30"). Washings in a small stream, 
draining the south side of Honnahatti hill gave very fine shows of 
gold. The schists are traversed by well marked quartz veins, ^ith 
extensive old workings (596 — 34 , 47). 

Honnali (14° 14' 30" : 75° 43'). This was considered by Foote 
to bo a very promising gold field. Gold is generally distributed, 
through the soil over a wide area on either side of the Nyamti. 
(Hirehalle) E. Numerous quartz reefs were observed between 
the viUagos of Kudeikonda (14° .8' 30" : 75° 36') and Palvan- 
HALLI (14° 6': 75° 38'), and one of these, called Turnbull's reef^ 
had been proved by deep prospecting to be richly auriferous 
( 696 — 22 , 197 ; — 34 , 46). 

Tumkiir.— C hiknayakkanhalli (13° 25' : 76° 41'). Old work- 
ings were seen on Honnebagi hill, 2 miles to the S. W. of the toTO, 
but are not extensive. Washings in the streams flowing from the- 
hill gave favourable indications of gold (596-34, 54). 

Javanhalli or Javangondanhalli (13 5^ ^ (o . b 

■Wethercll (1915—0- 34) states that numerons old gold workings are 
• situated along a hand of Dharwar schists, which has been taac^ 
for a distance of 62 miles, passing northwards hy Javanhalh mto 
the Chitaldroog district. The most extensive worb^s occm to 
the south of Annesidei (13° 51' : 76° 46' 30 ). Gold is obtained, 
from many of the streams draining the Dharwar area. 


NORTH-WEST FRONTIER PROVINCE. 

In Baiaur and Swat gold is washed from the bed of the Panjkora 
.nd to B.v«ty (1483-2. 3S1), a. gold B. 
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•collected by placing sbeep skins in tbe bed of tbe river, in order that 
the particles of gold may become entangled in the fleece. 

Hazara. — Lalo Gam (34° 16' : 72° 54'). Gold is washed from 
the gravels of the Indus above this village, according to Middlemiss 
(1219—17, 251, 287). 

Kohat.— Z ertangi (33°. 17': 71° 36'). Wynne (1975—15, 241) 
states that gold is said to be washed from the sand of the Teri E. 
during the rains. 

PUNJAB. 

Attocic. — I ndus R. Jameson (931 — 3, 221) says that gold wash- 
ing is practised generally along the Indus between Attock and 
Khlabagh. The town of Makhad (33° 8' : 71° 48') is especially 
mentioned by Fleming (691 — 3, 681) and Vcrchere (1839 — 2, 103) 
as the most important locality. The process here, as elsewhere in 
the Punjab, consists in filtering the sand and gravel through a grass 
sieve into a trough or cradle, in which concentration of the black 
sand associated with the gold is effected by repeated washing. 
The concentrates are then treated with mercury in a shallow wooden 
dish, and the amalgam is heated over a fire of cowdung, the mercury 
being lost. The yield is said to be from 3^?. to 4rZ. a day. 

Sohan R. — Gold washing in this river and its tributaries, the 
Ankur and Gabir, is described by Fleming (591 — 3 , G81 ; — 5 , 
354) and Vcrchere (1839 — 2, 103). The principal localities men- 
tioned are Naka (32° 56' 30" : 72° 32' 30") on the Gabir ; Taman 
(33° 6' : 72° 10') and other villages lying above it on the Ankur ; 
and Multan (33° 2' : 72° 4') and Trap (33° 3' 30" : 71° 58) on the 
Sohan. The average annual production during the years 1844 to 
1846 was about 112 o?,, (B, 211). 

Gurgaou. — Sohna (28° 15': 77° 8'). Hacket (780—4, 249) was 
informed that small quantities of gold are obtained after the rains 
from water-courses at the base of a hill situated at the back of the 
town. He presumes that the gold is derived from a band of schists 
included in the quartzites of which the hill is composed (B. 204). 

Jheium. — Bunhar E. Small quantities of gold are said to be 
obtained from the sands of this river, according to Wynne (1975 — lO, 
86) and Bowring (183 — 1, 57). The revenue derived from the 
industry was about Es. 225 annually (B. 211). 

Kahan E. — Vicary (1845 — 6, 39) mentions the occurrence of 
tgold in the bed of the river between the Rotas and Bukrala passes. 
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All these rivers, the Indus excepted, drain the northern slopes 
■of the Salt Hange, an area occupied entirely bv sandstones and 
pebble beds of lower Siwalik (Tertiary) age. The gold therefore 
has a doubly derivative origin. 


Hangra. — Gerard (850---3, 263) alludes to . the practice of gold 
washing in the Sutlej arid other rivers in Kanawar. 

The process of gold washing in the Bias E. between Eai (32° 0' : 
75° 65 30*^) and MiE'rnAL (32° T 75° 41^) has been described by 
Abbott (3 — r>). The yield is said to be at the rate of about 13 
grains to the cubic yard. Calvert (265—2, 21) also mentions gold 
washing at Samsi (31° 53' 30" : 77° 12'), higher up the river (B. 211). 

Siiiila lliU States. — Colebrook (337 — 4, 127) says that small 
quantities of gold are obtained in the bed of the Sutlej E. at Jatiri 
( 31° 19' ; 77° 2' 30") in Suket. 

Sirmur.— Gumti (30° 35' : 77° 13' 30"). A detailed description 
of the process of gold washing in the Gumti E., a tributary of the 
Markiianda, has been given by Cautley (292 — 4). A single trough 
is said to yield in some cases gold to the value of Es. 2 a day. It'is 
also said’ to be obtained at l'^rrar(l) on the MaTlrbanilH (B. 212). 

The average annual production of gold in the Punjab, during 
the five years 1909 to 1913, was 135-23 oz. In 1914 it rose to 
249-98 oz., but declined to 149-59 oz. in 1916. 

RAJPUTANA. 

SiroW.— EornRA (24° 37' : 73° 1' 30"). Traces of gold were 
detected by Major Hughes {see Griesbach, 708 — 3i, 45) in pyritous 
schists at this locality, associated with copper ore. 

TIBET. 

E.xtousive and richly productive gold fields are known to be 
worked in Western Tibet, but no scientific account of them has 
yet been published, nor has the source of the gold, which appears 
to be entirely alluvial, been ascertained. The following are the chief 
localities mentioned by the explorers that have approached them 
from the direction of India : — 

Daba (31° 12' : 79° 66'). Gold washing is carried on along the 
Upper Sutlej to the north of this place, according to Moorcroft 
■(1245—1, 436). 

Manasaeowar Lake (30° 40' : 81° 30'). Strachey (1717 — 16, 
:.394) mentions gold diggings on the shore of the lake. 
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Pallo Letok (34° 45' : 82° 30'). Extensive gold diggings are 
mentioned by Rawling (1464 — 1, 418). 

Thok Daurakpa (32° 10' : 85° 15'). 4.n account of these mines, 

by a native explorer, has been published by Trotter (1807-^2, 102). 
The gold is said to occur in a hard rock, which is pounded into frag- 
ments before being washed; but whether a quartz vein or merely 
frozen gravel is meant does not appear from the description. 

Thok Jalung (32° 24' 30" : 81° 37' 30"). The gold diggings 
here were visited in 1867 by a native explorer, whose account of 
them has been published by Montgomerie (1243 — 5, 153). A 
trench about a mile in length and 25 feet in depth had been excavated 
and the gold was recovered by a rude system of hydraulic sluicing. 
The yield is said to have been very large, and occasionally nuggets, 
weighing as much as 2 lbs., were foiuid. In spite of the intense 
cold the miners preferred to work during the winter, when the freez- 
ing of the soil rendered the sides of the excavation less liable to fall 
in. S<weral other gold fields of the same description were seen by 
the Pundit in the course of his journeys in this region . (B. 213). 

Summaries of the information available on the subject of the 
Tibetan gold fields have been given by Atkinson ( 48 , 18), Lock 
( 1082 , 461), and Maclaren (1134 — 8 ; — ii, 228). 

In Central Tibet extremely minute flakes of gold were obtained 
by Hayden (793 — 12, 190) from the gravels of the Tsangpo near 
Chaksam (29° 20' : 90° 44'). The total yield was found to be little 
more than J grain per ton of gravel. Small quantities of thorianite 
and monazite are associated with the gold. 

UNITED PROVINCES. 

Almora and Garhwal. — The following rivers are specially men- 
tioned as carrying gold : — 

Alaknanda. — T he process of gold washing, which is siimdar to 
that practised in the Punjab, has been described by Moorcroft 
(1246. Vol. I, 7). Henwood (825 — l, 3) says that gold is obtained, 
but in small quantities only, at CmTAWA Pipal (30° 16' : 79° 14'). 

Ganges. — T he river is said by Atldnson ( 48 , 18) to be auriferous 
as far as Lachman Jhtjla (30° 8' : 78° 23'). 

Gumti or Gomati. — S tephens (1694—2, 411) mentions tlie oc- 
currence of gold in small quantities in this river. It is supposed to 
be derived from quartz veins in the neighbourhood of Gwaldrum 
( 30° 0' : 79° 38') at the head of the stream. A little gold is also- 
said to occur in the Panar R., which drains a granitic area about 
Debi Dhura (29° 25' : 79° 65' 30"). 
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Pindar. — T he occurrence of gold in this river above EIarn 
Prvag (Z0° 15' 30" : 79° 17') is mentioned by Plonwood (825—1, 
3) and Stephens (1694 — 2, 411). 

Ramganga. — T his river is said to be auriferous below its junction 
with the SoNA (29° 33' : 78° 48'). The occurrence of gold in the 
latter river is mentioned by Herbert (827 — c, 236 ; 828, 757), 
Ravenshaw (1462, 265), and Lawder (1040 — i, 88). According to 
Middlemiss (1219 — lO, 138), washing is carried on duiing the rains, 
and the amount obtained is trifling. Ravenshaw (1. c.) also mentions 
gold washing in' the Koii R., another tributary of the Ramganga 
issuing from the hills to the E. of Nagina (29° 27' : 78® 30'), and in 
all the streams to the east as far as the Dhela (29° 26' : 79° 4'). 
The gold of all these streams is derived from sandstones of middle 
Siwalik age (B. 217). 

During the five years 1909 to 1913, the average annual production 
of gold in the United Provinces was 5 94 oz. For the years 1914 
and 1915, the quantities recorded are 5-75 and 7-37 oz. respect- 
ively. 

GRANITE see muler BUILDING MATERIALS. 

GRAPHITE. 


AFGHANISTAN. 

Graphite is included by Drummond (604 — 2 , 92) among the 
productions of Northern Afghanistan. A specimen obtained by 
._jim is said to have been brought from the. Koh-i-Daman, to the N. 
of Kabul (B. 54). 

Tor Sapper (34° 10' : 71° 11'). Griesbach (708—21, 90) has 
recorded the presence of numerous graphitic layers in a series of 
micaceous and talcose shales, on the northern side of the Tor Sapper 
range, north of Landi Kotal. 

BIHAR AND ORISSA. 

Kalahandi. — ^Deposits of graphite occurring at the following 
localities have been described by "Walker (1872 — 3, 14) : — 

Densurgi (20° 11' : 83° 32'). Several bands of graphite in 
granitoid gneiss were observed in watercourses half a mile to the 
N. of the village, varying in width from about 18 inches to 2 yards. 
In some cases the graphite is mixed with carbonate of lime. An 
average sample yielded 65-22 per cent. C. 

Koladi Ghat (19° 56' 30" ; 83° 26'). In a pit about 200 yards 
W. of the 168th mile post from Raipur on the road to Parvatipui-, 
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graphite of fair quality, forming a band from 12 to 20 inches wide, 
was found. It appeared to increase in width at the bottom of the 
pit, which was about 15 feet deep. 

A sample from Densurgi examined at the Imperial Institute 
{see Dunstan, 614 — 7, 43) was pronounced to be of inferior quality, 
and unsuitable for the manufacture of crucibles. 

An output of 16 tons from this State was recorded in 1915. 

1 — Ball (71 — 46, 53) has recorded the occurrence of 

impure graphite in gneissose schists at Daramgarh (20° 24' 30" : 
83° 18') and Domaipali (20° 49' : 83° 4' 30"). 

Samples of graphite from this State were examined at the Im- 
perial Institute in 1905 (see Evans, 555 — 13). The best of these 
are said to have come from Maena, 2 miles to the W. of Patna 
( 20° 42' SO" : 83° 12'), and were found to be not sufl&ciently pure 
for crucible making. 

BURMA. 

Henzada. — Small deposits of impure graphite, due to the alter- 
ation of carbonaceous shales by intrusive masses of serpentine, 
were observed by Stuart (1728 — 9, 264) to the W. of Wadawkwin 
( 17° 42' : 95° 3' 30") and Kyibin (17° 44' : 95° 3'). The deposits 
are said to be of no economic value. 

IHcrguL — A substance resembling coarsely foliated graphite, de- 
scribed by Piddington in 1847 (1405 — 24) under the name of ' Tremeii- 
heerite, ’ was obtained by Tremenheere in the neighbourhood of 
Thbrabwin (12° 18' : 99° 3') on the Great Tenasserim R., where 
it is said to occur in abundance. In Tremenheere's report on the 
discovery (1802 — 3) the substance is referred to as "wad, ' or amor- 
phous manganese ore ; but on analysis it proved to be a carbona- 
ceous mineral, containing 86*7 per cent. C. The best specimen 
came from the Tagu stream, about 5 miles above Therabwin. 

Ruby Mines. — ^Minute flakes of graphite are freely disseminated 
through the crystalline ruby-bearing limestones of this district, and 
in some places the mineral is concentrated into lenticular beds, 
developed along the line of contact of the limestones with scapolite 
gneiss. Some deposits of this nature, occurring at a spot about 4 
miles to the S. W. of Wabtudaung (22° 62' : 96° 9'), were opened 
up about the year 1900 by the Burma Ruby Mines Co., but were 
lound to be deficient both in quality and quantity. Similar deposits 
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valso occur on. a ridge about 5 miles to tbe N. E. of Ktatjkgyi (22° 
59' : 96° 9'), to the N. of ’Wabtudaung (La Touche, MS. notes). 

Toungoo. — ^Mason (1186, 10) records having seen fine specimens 
of graphite from the Kanni E., 20 miles to the N. E. of Toungoo, 

■ where it is said to occur in abundance. 

MADRAS. 

Godavari.— Pbeakonda (17° 36' 30" : 81° 28' 30"). As, described 
"by Eowe ( 1526 ), graphite occurs here in veins from | inch to a foot 
■in thickness between bands of quartzose and garnetiferous” schists, 
also in lenticular masses up to 4 feet in diameter. The rocks are 
■greatly faulted, and the larger bodies of graphite occur between 
the fault planes. 

Kistna. — Bbzwada (16° 31' : 80° 40'). Graphite was observed 
by King (987 — 12, 160; — is, 263) sparingly distributed through 
bands of quartzose rock in the crystalline area close to the town 
‘{B. 53). 

Tinnevelly. — Cullen (897 — 4) has recorded the occurrence of gra- 
phite in lumps the size of a small egg, in kankar deposits at Tinne- 
VELLY (8° 43' 30" : 77° 45'). It was also found by Elliot ( 649 — 1 ) 

■ at Papaktassam and Vikebsingam (8° 43' : 77° 26' )in crystalline 
•'limestone and gneiss, but in minute quantities (B. 63). 

Travancore. — The discovery of graphite in Travancore is due to 
Cullen, who reported (397 — 4) its occurrence near Teivandeum 
in 1840. Elliot (540 — i, 216) also found small quantities occurring 
as scales in gneiss at Kaviatan Kudal and Kulatoei in the same 
neighbourhood. At a later date Cullen described (397 — 7) prospecting 
operations undertaken by himself at Panilal, a village about 10 
miles to the N. E. of Trivandrum. The graphite is said to have 
occurred in a lateritic matrix formed by the decomposition of gneiss 
in situ. About IJ tons of the material were raised, and from tVu'g 
1,000 lbs. of pure graphite wore extracted and reported on favour- 
ably by Royle (1529 — 6), though samples sent to England wore 
considered to be too gritty for use (B. 61). 

In the reports of the State Geologists, Messrs. Chacko and Masil- 
' lamani, for the years 1907 to 1911 , reference is made to a number of 
localities at which graphite has been found, and to the prospecting 

■ operations of the Morgan Crucible Co., by whom the deposits of 
iTravancore have been mined for several years. In some cases, 
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however, the reports give no clue to the position of the localities, 
and it has not been possible to identify all of them. Those mentioned 
are : — 

Amanad, 4 miles S.-W. of EArungal. The mineral is said to be 
impure and gritty (Masillamani, 298, 23). 

AntJMANAiLTJB, (8° 19' ; 77° 28'). A vein of no great width, with 
several branches, occurs in decomposed charnocldte, following the 
strike. It has been proved to a depth of 50 feet. The graphite 
is of good quality (Masillamani, 298, 11). 

Aeamboly (8° 15' 30" : 77° 35'). Graphite of fairly good quality 
occurs -on the Poigay hills, about 3 miles to the N. W. of the village 
(Masillamani, 298, 30). 

Attapaxam, in Eraniel Taluk. Graphite is exposed over a total 
width of 260 feet at the irmction of granuhte with Warkalli beds. 
The deposit is probably of a lenticular nature (Masillamani, 1183, 
4). 


Attungai (8° 42' : 76° 52' 30"). Mentioned by Chacko (298; 
79). 

Avannesswabam (9° 1' 30" : 76° 55'). A vein occurs in garneti- 
ferous gneiss (Chacko, 298, 67). 

Karungal ; in Eraniel Taluk. Graphite is said to have been 
found by the villagers when digging a reservoir (Masillamani, 298, 
23). 

Kinpallikontjm ; Charayinkil Taluk, between the 4th and 5th 
mile-stones on the road from Attungal to Venjaramud. Graphite 
occurs in a vein of decomposed felspar in garnetiferous gneiss. The 
breadth of the vein is about 90 feet (Masillamani, 298, 12). 

Kolaohel (8° 10' 30" : 77° 19' 30"). Mine opened by the Morgan 
Crucible Co. (Masillamani, 298, 25). 

Mamalai; in Peermade. A vein has been partly opened up. 
Specimens from the pit are very gritty (Chacko,' 298, 67). 

SSlrauCTlM. ] ^ Thodupuzha E., to the S. of Vazha- 

OULAM. Numerous large veins are exposed on lateritised hills near 
these villages (Chacko, 297 — l , 9 ) 

Munnxjmbxjb (8° 44' : 76° 50). 'v 


Pathanapuram (9° 30" : 76° 

55' .30"). 


> Mentioned by Chacko (298, 79). 


PuNALXJE (9° 1' : 76° 59' 30"). ) 

Shorlacode (8° 20' : 77° 26'). A vein of good quality and of fair 
dimensions (Masillamani, 298, 23). 


The graphite deposits of Travancore are stated by Holland 
(869 — 60, 61) to occur under conditions similar to those of Ceylon, 
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whicli is geologically a continuatioii of the charnockite. series and 
associated rocks of Southern India. The graphite of Ceylon is 
regarded by Weinschenk (1910) as of igneous origin, a conclusion 
in agreement with the observations of Holland (869 — 3i, 152 ; 
— 3 4, 172) on the charnockites and elseolite syenites of India. 

Owing to the difficulty of working at increased depths’, the mining 
of graphite in Travancore has become unprofitable, and operations 
were suspended in 1912. For the five previous years the average 
annual output was 3,349 tons. The most productive mine is said 
to have been situated at Vellanad (8° 34' : 77° 7') in the Neda- 
mangad Taluk. 

Vizagapatani. — Graphite is of common occurrence along the east- 
ern border of the Hill Tracts of Vizagapatam, where it appears to 
be associated with charnockites, as in South India, but the quantity 
available has as yet proved insufficient to repay the cost of mining. 
The principal deposits are situated in the neighbourhood of Salxtr 
( 18° 31' : 83° 16'), according to King (987 — 33, 155) and BaMour 
(69 — 2, 239). Carmichael (285, 154) also mentions its occurrence 
near Kasipuram (18° 13' : 83° 11'). Specimens examined by Koyle 
(1529 — C) were pronounced to be of very inferior quality (B. 53). 

An output of 269 tons from the district was recorded in 1910, 
and of 64 tons in 1911. Since the latter year the returns have been 
blank. 

PUNJAB. 

Ciurgaon.— SoHNA (28° 15' : 77° 8'). Hacket (730 — 4, 249) men- 
tions an occurrence of graphite in a band of schists, in quartzite 
forming a hill at the back of the town. The quantity appeared 
to be small. Specimens from this locality analysed by Thompson 
(1770) contained 78*45 per cent. C, and 17*2 per cent, of earthy 
matter. 

The same authority (see Baden-Powell, 60—1, 17) says that the 
graphite occurs in a gorge on the eastern side of the hill, and forms a 
bed from 18 to 24 ins. thick, exposed for about 30 yards. The 
quality is very variable, some portions being hard and compact, 
while others are soft and easily reduced to powder. 

RAJPUTANA. 

Ajmer-HIerwara. — An output of 54 tons of graphite from Mer- 
wara was reported in 1916, but the locality of the deposit is not 
stated. 
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SIKKIM. 

A vein of grapliite, averaging 13 inches in thickness, was dis^* 
covered in the course of prospecting operations conducted by Messrs. 
Burn and Co. at about half a mile to the N. of the road between* 
Tsuntang (Cheungtong, 27° 36' : 88° 41') and Laohen (27° 44' : 
88° 35'). Bulk samples are said to have given a return of 93 per cent*, 
of graphite ( 862 , 98), 

Graphitic layers are not uncommonly found among the slates' 
of the Baling series in the valleys of the Great Eangit B. and its*" 
tributaries, but are of no economic value. 

UNITED PROVINCES. 

Alinora. — The occurrence of graphite in the neighbourhood of* 
Almora was first noted by Herbert (827 — 6, 230; — lO, cxxvii) in 
1829. It was found in nodules from 1 to 3 inches in diameter,, 
weathered out from a band of ndca schists, on the ridge between 
Almora and Kalimati, 3 miles to the north. Specimens analysed 
by Prinsep (1436 — 8, 280) contained 71*6 per cent, of carbon. 

In 1860, pits were opened by Drummond (504 — 3) at Kalimati,- 
Gargoli near Balt (29° 38': 79° 46'), and Pulsimi (29° 35' 30":. 
79° 45'). At the last named place about 15 tons were extracted,, 
and samples were favourably reported on by Bose {see Atkinson, 
48 , 32) : but in a subsequent report ( 1529 — 6 ) Boyle pronounced 
the mineral to be economically valueless (B, 54). 

The occurrence of graphite in this neighbourhood has also been 
noticed by the following writers : — 

1851. Strachey (1717—8, 299). A brief note on the occur- 
rence. 

1856. Sowerby (1679 — 2, 8). The graphitic schists were** 
traced for a distance of about 15 miles. The best speci- 
mens were obtained at Pathami (? Pulsimi), but in 
very small quantities. 

1864. Medlicott (1197 — 5, 180). States that the best gra- 

phite is developed along faults or lines of strain in the 
schists. 

1869. Lawder ( 1040 — i, . 87). Mentions the occurrence of 

graphite at Kalimati and on the spur of Banini Devi- 
facing Almora on the road to Lohughat. 

1871. Henwood (825 — 3, 40). Eecords the occurrence of 

graphite near Dol (29° 29' 30" : 79° 49' 30"), and om 
both banks of the Sual B., to the S. E. of Almora. 
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1878. Hughes ( 890 , 183). Notes the occurience of a bed 
ot impure graphite at the crossing of the Ladhab E. 
(29® 63' : 79® 50') on the road from Bagesar to Kapkot. 


GYPSUM. 

AFGHANISTAN. 

Gypsum is mentioned by Griesbach (708 — 4, 59) as common in 
the Gaj (Miocene) formation, where it occurs in beds, lenticular 
masses, and veins. Also in the younger Tertiary rocks, and as 
forming considerable deposits among the post pliocene gravels and 
clays of the plains. It is found in thick beds, about 3 feet below 
the surface, near EIandahar, where it was largely used, according 
to Hutton (900 — 8, 585, 604), for plastering buildings. 

The town of Ghazni (33® 33' : 68® 26') is said by Vigne (1846 — 3, 
126) to be built at the foot of a ridge composed of gypsum (B. 452). 

In Ka^hmaed (35® 20' ; 67® 40')^ and Saighan (35° 10' : 67® 45') 
beds of gypsum occur, according to Hayden (793 — 22, 36, 37), at 
two distinct horizons ; viz., beneath limestones of upper Cretaceous 
age, and among lower Tertiary shales. 

BALUCHISTAN. 

In Jlialawau, Sarawan, and Mckraii, the Tertiary clays and 
shales at all stages, when but slightly disturbed, contain numerous 
crystals of gypsum, according to Vredenburg (1864 — 36, 209), 
but no continuous masses of the mineral were met with. 

Kachhi. — Blanford (148 — 73 , 231) mentions the occurrence of 
pure white gypsum in the hills to the S. E. of Pulej (29® 1' : 68® 22.' 
30") and N. by E. of Shahpue (28® 43' : 68° 26'). It is found in 
irregular masses up to a foot in diameter at the base of the lower 
Siwaliks, and is said to be well adapted for ornamental purposes. 
Thin, veins of gypsum, filling cracks in the upper Siwahk rocks 
surrounding the Kachhi, were also observed by Blanford. Vicary 
(1845 — 3 , 261) also mentions its occurrence under similar conditions 
near Uoh (28® 33' 30" : 68® 40'). 

Qiictta-Pishiu. — Considerable quantities of gypsum are obtained 
from the Ghaziaband Pass (30® 19' : 66® 48') and used for building 
purposes in Quetta. It is described by Griesbach (708 — 4 , 20) as 
occurring in lenticular masses, veins, and beds, in a formation 
identified by him with the Gaj group of Sind ; but according to 
Blanford (148 — 73 , 180), it is found in fibrous masses filling cracks 
in Siwalik sandstones and clays. 
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Sibi. — Frequent mention is made by Blanford (148 — 73) of tbe 
occurrence of beds of gypsum, from 5 to 10 feet in thickness, among 
Eocene shales in the Bugti hills. 

Near Khattan (29° 34' : 68° 31') four distinct beds of gypsum, 
ranging up to 8 feet in thickness, .were observed by Oldham (1324 — 
32, 109). It was also seen near Spintanoi (29° 55' : 68° 5'), form- 
ing a band 4 feet thick in nummulitic limestone. 

Oldham (1324 — 37, 29) has noted the occurrence of gypsum 
n thick beds, one measuring 60 feet, near Mam and (29° 39' : 68° 
43') in the Mari hills. 

BHUTAN. 

The occurrence of thick beds of gypsum in the valley of the 
Kangra Chu (26° 54' : 91° 6') has been recorded by Pilgrim (1406 — 
6. 28). 

BOMBAY. 

Cutch. — The shales of the Jurassic, sub-Nummulitic, and Ter- 
tiary groups contain large quantities of gypsum, the most highly 
gypsiferous being the sub-Nummulitic group (Wynne, 1975 — ii, 
90). The mineral is generally translucent, and occurs in blocks 
several inches in length (B. 451). 

The following localities are specially mentioned : — 

On an outlying patch of Tertiary rocks on the Eunn, E. of Ade- 
SAR (23° 33' : 71° 2'). 

Between Adkui (23° 24' : 70° 34° 30") and BadargaSrh (23° 28' : 
0°41'). 

Near Chitrore (23° 24' : 70° 44 ). 

About 2 miles to the S. W. of Mhurr (23° 32' : 69° 0' 30"). 

E. and N. E. of Umarsar (23° 44' 30": 68° 540- 

Kathiawar. — ^Fedden (689 — 6, 134) mentions the occurrence of 
gypsum in small tabular masses and crystals in some of the Tertiary 
beds. It was found, though not in great quantity, in the Bhav- 
nagar State on the eastern side of the peninsula ; also near Nan- 
DANA (22° 8' : 69° 21') and on the hills about Kuranga (22° 8' : 
69° 13' 30") in the west. 

According to Adye (11, 210), crystals and veins of selenite occur 
in some quantity in calcareous clays of the Gaj group, near the 
villages of Bhatia (22° 6' : 69° 20'), Ean (22° 11' : 69° 23' 30"), 
and ViRPUR (22° 15' : 69° 22' 30"). 

Kewa Kantha. — In the Eajpipla State, Bose (173 — 23, 186) 
met with gypsum in Tertiary clays at Bhilod (21° 36' : 73° 16') 
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^nd Dobvada (21° 32' : 73° 9'). The mineral was rather earthy, and 
‘did not appear to occur in large quantities. 

Sind. — Gypsum of tolerable purity occurs abundantly, according 
to Blanford (148 — 63 , 195), in the upper parts of the Gaj (Miocene) 
group in the Khirthar range. Two beds were noted in the section 
exposed on the Gaj R. (26° 52' : 67° 20'), with a thickness of 5 to 
4 feet, and similar beds are frequently met with to the northwards. 
Some gypsum is found in the Eanikot group at the base of the 
Eocene, but the quantity is small (B. 451). 

CENTRAL INDIA AGENCY. 

Dholpur. — small isolated deposit of selenite, occurring midway 
between the villages of Kathumrt (26° 41' : 78° 6') and Ghuria- 
KHERA (one mile to the W.N.W.), on the Chambal R., has been 
described by Heron (880 — 3 ). The selenite is found in crystals 
of a maximum length of l| inches, scattered sparsely through a 
carbonaceous layer, a foot thick, in the older alluvium. It is said 
to be used medicinally. 

Rewall. — A unique occurrence of gypsum in Vindhyan rocks 
^(Sirbu shales) at Satna (24° 34' : 80° 53' 30") has been recorded 
by Permor (677 — 8). The mineral was obtained from a boring for 
water, at depths between 300 and 338 feet from the smface. It 
occurs in layers a quarter to five-eighths of an inch in thickness, 
parallel to the bedding planes of the shales. 

MADRAS. 

Chingleput. — Small quantities of gypsum in the form of selenite 
crystals are obtained from the clayey estuarine beds to the north of 
Madras (Foote, 596 — 8, 132). The occurrence of these crystals 
over a large area in the neighbouihood of Monegur Choultry, 
near Madras, and at Kathiwakam or Ennur (13° 13' : 80° 23') 
is especially mentioned by Hunter (894 — 2 ; — 8 ; — 14 ). 

Nellorc. — Large quantities of selenite crystals were noted by 
Foote (596 — 17 , 93) ia marine clays at Santaravur (15° 48' 30" : 
80° 19') on the Buckingham Canal. The crystals are said to be far 
larger and of greater purity than those obtained from similar clays 
near Madras (B. 451). 

Trichinopoly. — Blanford (147—8, 214) states that gypsum occurs 
labundantly, in the form of fibrous plates and concretions, among 
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the Cretaceous rocks in many parts of the district. It is said to^ 
be most abundant in the XJtatur group, especially in Belemnite 
clays to the E. of Utattjr (11° 4' 30" : 78° 55'), and in uniossiW- 
ferous clay to the N. E. of Maravattur (11° 13' : 79° 1'). 

NORTH-WEST FRONTIER PROVINCE. 

Dera Ismail Khan. — A. zone composed of alternating bands of 
dolomite and gypsum, from 450 to 600 feet in thickness, was noted 
by Wynne (1976 — 28, 279) in a cliff section near Satouwali (32° 12' :• 
71° 6'), at the southern end of the Khasor range. 

Plates of selenite also occur in the Jurassic clays exposed on. 
the southern scarp of the Sheikh Budin hills (Z. c., 286) near Paniala 
(32° 15' : 70° 56' 30") ; and at the base of the same scarp an exposure 
of the ' salt marl " was observed by Verchfere (1839 — 2, 17), with some- 
massive beds of gypsum. 

Hazara. — ^The occurrence of gypsum, forming beds or veins in* 
the Slate series, has been recorded by Middlemiss (1219 — n, 287). 
An isolated small exposure was noted at Dowatta (34° 17' : 73° 30" 
30"), and the discontinuous outcrop of a bed or vein between the 
villages of Bijora and Bari-ka-Bxjgla, passing along the east 
slope of the hill marked 6,462 feet (34° 10' : 73° 30'), where it reaches 
a thickness of 100 feet. 

Koliat. — An important development of gypseous beds in the upper 
portion of the Eocene* nummulitic series has been described by 
Wynne (1976—15, 149). 

The bods are exposed in all the ridges extending from the neigh- 
bourhood of Bahadur Khel (33° 11' : 71° 1') eastwards to the 
Indus, covering an area of about 60 miles in length by 20 miles in 
maximum breadth. The gypsum occurs in discontinuous masses,, 
which occasionally attain a thickness of at least 200 feet, and is 
associated with bands of clay, and in the lower portion with black 
shales strongly impregnated with petroleum. The colour is usually 
white or grey, but sometimes deep red, owing to the presence of 
iron (B. 452), 

Sherani. — A band of gypsiferous shales, alternating with beds of. 
limestone, occurring at the base of the upper Nummulitic group,. 
was traced by La Touche (1034 — 20, 86) from the Toi E. in the 
south of the district to the Zao defile in the north, a distance of 24 
miles. In a measured section at Zor Shahr (31° 42' : 70° 8' 30"), 
about the centre of the band, 12 beds of gypsum were counted, 
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varying in tbickness from a foot to 11 feet 7 inpbes, with, an 
aggregate thickness of 50 feet. Nodnles of gypsum also occur in the 
associated limestones. 

PUNJAB. 

Jlielum. Shahpur* and Illianwali 

(M( Itonse). j-ayp-m ocean menoimo™ 

quantities, both in the form of selenite crystals and in massive beds 
of considerable purity and variety of colours, in association with 
the ' Salt marl ’ vrhich extends along the southern base of the Salt 
Range from the neighbourhood of Jalalpur (32° 39' 30" : 73° 28') 
in the east to Kalabagh (32° 58' : 71° 37'), on the western 
bank of the Indus. It appears to have been first brought to notice 
in 1843 by Jameson (931 — 3, 197), who records the existence of 
thick masses of a pure w'hite colour near Jalalpur and other places 
along the base of 'the range. General accounts of its mode of occur- 
rence have since been given by Fleming (591 — 5 , 250), Theobald 
(1763—1, 658), and Wynne (1975—18, 73). 

Very little use has hitherto been made of the Salt Range gypsum. 
It is occasionally mixed in a powdered state with mortar ; and a 
compact variety occurring near Sardi (32° 41' : 72° 47') has been 
quarried and turned to form plates and other utensils. The selenite 
crystals are also collected and sold for medicinal purposes (B, 452). 

The origin of the gypsum has been discussed by Holland (859 
_ 2 ; —4) with reference to a hypothesis, put forward by Middle- 
miss (1219—14, 26), that the 'Salt marl' may owe its peculiar 
position among the surrounding rocks to some kind of volcanic 
agency. The presence of inclusions of anhydrite in bi-pyramidal 
quartz crystals imbedded in the gypsum, and the intimate associa- 
tion of the latter in many instances with anhydrite, lead to the con- 
clusion that the gypsum is not of aqueous or sedimentary origin, 
but that it results from the addition of water to anhydrite, which 
may have been produced by the action of super-heated wrater charged 
with sulphuric acid on limestone or dolomite. 

Kangra.— -Gerard (65(^— 3, 264) appears to have been the first 
to note the existence of gypsum in the lower Spiti valley. In 1841 
Hutton (900 — 5 , 207) gave a description of the deposits, which he 
supposed to have been accumulated on the bed of a salt lake filling 
the entire valley; but Mallet (1159—1) has shown that they have 
no connection with the alluvium of the valley, but are due to the 
action of thermal waters containing sulphuric acid in solution on 
limestone. 
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The deposits are of considerable extent and thickness, and the 
gypsum is said to be of snowy whiteness and crystalline texture, 
eminently suitable for ornamental purposes, or for the manufacture 
of plaster of Paris (B. 453). 

The largest of the masses noted by Mallet is situated on the left 
bank of the Spiti R., opposite Shalkar (32° 0' 78° 37'). Smaller 
jnasses were seen near the Chango Pass, on the same side of the 
river, and in the main valley between Shalkar and Huling (32° 4' : 
78° 36'). In addition to these localities, Hayden (793—9, 101) 
has recorded the existence of immense masses and thick beds between 
the Lipak and Yaixjng rivers, to the S. of Shalkar, and in the valley 
of the Gyundi R. (32° 20': 77° 64') in upper Spiti. 

Rawalpindi. — ^Middlemiss (1219 — 17, 287) records the occurrence 
of gypsum at various places in the Kuldana series, or passage beds 
between the nummulitic limestone and the Murree sandstone. 
Clipden near Murree (33° 54' : 73° 27'), and the gorge W. of Dunga 
Gali (34° 4' ; 73° 30'), are the locaUties specially mentioned. 

RAJPUTANA. 

m&rwfti* 

(Jodhpur) J — of impure gypsum of considerable extent 

occur in. several places among the sand hills of the Rajputana 
desert, occupying the basins of desiccated salt lakes. Such deposits 
have been specially noted by Forbes (599, 30) and La Touche (1034 
— 28, 43) near Kuklo, Madpura, and Shaokar, between Barker 
( 26° 45' : 71° 25') and the Luni R. The gypsum is used to some 
extent for building purposes, and when burnt as plaster for lining 
wells. 

The average annual production from a deposit of this descrip- 
tion situated to the N. N. W. of Naoaur (27° 13' : 73° 48'), was 
4,905 tons during the quinquennial period 1909 to 1913. In Bikanir, 
during the same period, the average annual output was 11,251 tons. 

UNITED PROVINCES. 

Oelira Dun. — The nature and origin of certain deposits of gyp- 
sum, occurring among the hills to the north of Dehra Dun, was 
made the subject of special investigation, about the year 1830, by 
Herbert (827 — 5), Cautley (292 — 2), and Everest (667 — 6), all of 
whom recognised the secondary character of the beds, and attri- 
buted them to the alteration of carbonate of lime by the infiltration 
of sulphuretted water. According to Medlicott (1197 — 5, 177), 

nodules of gypsum occur in many pla.ces among the ferruginous 
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clays of the Subathu group, and it forms irregular veins in 
limestones at Sahansadhara (S0° 23' : 78° 10' 30"), the principal 
locality mentioned by Herbert and Cautley. At Salkot, 4 miles 
to the north, it forms a mass about 200 feet in thickness, and 
large masses were also noted by Fisher (587 — l, 194) below Jeripani 
(30° 25' 30" : 78° 8' 30") on the road between Rajpur and Mussoorie. 
It is said to have been employed in the internal decoration of houses 
at Dehra Dun with some success (B. 453). 

Hamirpur. — Small quantities of selenite are found at certain 
spots in the older alluvium of the Bairma R., a tributary of the Betwa, 
in the neighbourhood of Puraini (26° 45' : 79° 60'). The crystals 
have been formed, according to La Touche ( 1034 — 35 ), by the 
action of sulphuretted water on carbonate of lime disseminated 
through the alluvium, and are found* in plastic clay at a depth of 
about 5 or 6 feet below the surface. The amount available is exceed- 
ingly small, but the crystals are collected and sold in Cawnpore for 
use as medicine. 

Jhansi. — Deposits of selenite similar in all respects to those of 
Hamirpur have been described by Silberrad (163^2) as occumng 
in the neighbourhood of Qomi (25° 47' : 79° 13') and Gokhal 
(25° 46' : 79° 20' 30"). 

Nainl Tal. — The occurrence of large deposits of gypsum on the 
Nihal stream, between Kaladhungi and Naini Tal, is mentioned 
by Atkinson (48, 34). According to a special report by Middlemiss 
(1219 — 8), the most important masses are situated about a mile 
to the N. of Dhapila (29° 19' : 79° 28'). In mode of occurrence 
and origin the deposits are similar to those already noted in the 
Dehra Dun district. The total quantity of the mineral available 
is estimated by Middlemiss at about 37,430 tons. 

ELMENITE RARE MINERALS -TaTANIUM. 
lOUTE under GEM-STONES. 

IRIDOSMINE PLATINUM. 

IRON. 

The iron ores of India may be separated into two main groups 
in accordance with their mode of occurrence ; — 

(A) ''Primitive” ores, forming beds or more rarely lodes, 
among strata which may belong to any geological formation of earlier 
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date than the close of the Tertiary period. These may he sub* 
divided into : — 

(1) Pre-Cambrian quartz-hematite and quartz-magnetite schists, 

in which the ore is usually disposed in bands alterna- 
ting with siliceous material, or is occasionally con- 
centrated into lenticular bodies of great size and purity. 
These ores are most prominently developed in the 
Dharwaxian series of Southern India and the Central 
Provinces, and to a less extent in the Bijawar group 
of Central India. 

(2) Magnetite in minute particles disseminated through the 

crystalline rocks, including the older granites and 
schists, basic dykes, and the widespread flows of 
basalt of upper Cretaceous age known collectively 
as the Deccan trap. These particles, when concen- 
trated by running .water, afford in some localities a 
sufficient and readily accessible supply of ore to the 
native workers. 

(3) Veins of limonite occurring along fault planes or fractures 

in the Cuddapah and similar formations. 

(4) Bands and nodules of clay ironstone, most highly deve- 

loped among the shales of the lower portion of the 
Indian coal measures ; but also met with at higher 
horizons. 

(B) Derivative or Lateritic ores, due to the segregation 
of iron oxide, carried up in solution by sub-soil water, in the super- 
ficial deposits formed by rock weathering. The process appears 
to require an alternation of moist and dry periods, such as are 
characteristic of a tropical climate, and particufarly of the climate 
of the Indian peninsula. In certain cases, metasomatic replacement 
of the silica and other constituents of a rock may give rise to the 
formation, at the outcrop, of beds of rich ore, enclosing portions of 
the original rock, and retaining traces of the bedding or other struc- 
tural planes. On these ores Fermor (S'?? — 32 , 381 ; — 39 , 515) 
has bestowed the name " lateritoid, " in order to distinguish them 
from the true lateritic ores. The lateritoid ores are chiefly asso- 
ciated with the Dharwarian hematite schists, but may occur at the 
exposed edges of beds belonging to later geological periods. They 
may give the appearance of an outcrop of rich ore to a bed which 
is perhaps only moderately ferruginous, and may thus lead to anti- 
cipations of an abundant supply, which on being tested prpve to be 
unfounded. 


232 



IRON. 


The process of iron smelting, as performed by the natives of 
India, is practically the same for all parts of the country, though the 
dimensions of the furnace and the form of blowing apparatus em- 
ployed may vary in different areas. The furnace is built of clay 
by the smelter and his family, and is of no great capacity, the maxi- 
m\im yield reported for a single furnace being about 30 tons per 
annum ; while the blast is usually supplied by a pair of leather 
bellows. Only the softer varieties of ore, such as can be easily 
reduced to powder, and if necessary concentrated by winnowing, 
are made use of. These are gathered from the surface or dug out 
from shallow pits and trenches ; or, when available, are collected 
in the form of iron sand from the beds of streams. The ore is reduced 
in direct contact with charcoal, and without the addition* of a flux, 
to a pasty mass, or " bloom, " from which the slag is expressed by 
repeated hammering and re-heating ; since the temperature at com- 
mand is seldom high enough to bring about the complete liquefac- 
tion of the charge. 

The iron produced, on account of its purity and malleability, 
has always been held in great estimation by the Indian blacksmiths, 
a circumstance that has enabled the native industry to withstand 
to some extent the competition of imported iron. But though its 
superiority is so marked that, at the time w’hen the Britannia tubular 
bridge across the Menai Straits was under construction, preference 
was given to the use of iron produced in India, failure has attended 
every attempt made to carry out the native process on an extended 
scale under European supervision. This result has been due, how'- 
ever, not to any defect in the quantity or quality of the ore available, 
but mainly to the difficulty of procuring adequate supplies of char- 
coal, in consequence of the depletion of the forests in the immediate 
neighbourhood of the works. 

The question of fuel suitable for use in blast furnaces of tho 
European type has now been solved by the development of th-^ 
Indian coal fields, a: d the discovery that some of the deeper^ams 
are capable of furnishing coke of excellent quality. It has therefore 
become possible to establish iron works on a large scale, and this 
has been done in two instances where deposits of iron ore occur 
within a reasonable distance of the coal fields. These are the works 
of the Bengal Iron and Steel Co. near Barakar, established in 1889, 
which for many years drew their supplies of ore from the Ironstone 
. shales of the Raniganj coal field ; and those of the Tata Iron and 
Steel Co. at Sakchi, which have been in operation since 1911. The 
ore for these works is at present furnished by immense deposits 
^ of hematite situated in the State of Mayurbhanj. 

233 



IRON. 


The general distribution and mode of occurrence of iron ores in 
India, with details of the native processes of smelting, and the history 
of recent developments of the industry, are dealt with in the reports, 
and papers noted below : — 

1873. Blanford (148 — 42 , 391). An account of the nature 

and distribution of iron ore, with remarks on the native 
processes of smelting. 

1874. Bauerman ( 89 ). Report on the iron ores of India. 

1881. Mallet (1159 — 23 ). Discusses the origin of the late- 
ritic iron ores of India. 

1886. Schwarz (1594 — 3), Describes the principal iron ore 

deposits, with special reference to those of Barakar and 
the Central Provinces. 

1886. Gilchrist and Riley (658). An account of the iron- 
making resources of India, compiled for the Colonial 
and Indian Exhibition. 

1893. Holland (859 — il). Describes the mineralogical and 

metallurgical characters of the ores of the Madras 
Presidency, their distribution and geological relations ; 
and discusses the question of fuel supply, and the intro- 
duction of European processes of iron and steel manu- 
facture. 

1893. Turner (1817). Describes the native processes of 
smelting, with analyses of the ore and products, and dis- 
- cusses th efuture of the industry. 

1899. Mahon (1153 — 1). Discusses the prospects of manu- 
facturing steel at a profit in India. 

1900. Anon (35 — 66). A general account of the Indian iron 
ores, and of attempts made to establish the industry 
on modern lines, 

1900. Mahon (1153 — 2). Report on the distribution of coal 
and of iron ores in India, with a view to the establish- 
ment of iron and steel works. 

1901. Schwarz (1594—5). A general account of the native 
iron and steel industry with remarks on the distribution 
of the ores, and a history of modern developments. 

1905. Tozer (1795, 769). A brief account of the, develop- 
ment of the iron and steel industry. 

1907. Holland (859 — 64, 34). Discusses the prospects of 
establishing an export trade in Indian iron ore. 

1910. Holland and La Touche (863). Notes on the general 
distribution of iron ores in India. 
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1911. Lester (1064). Describes tbe native processes of iron 
smelting, especially those employed in Burma and the 
Central Provinces. 

1912. Perin (1392). An account of recent developments of 
the iron industry, with special reference to the Tata 
Iron and Steel Works. 

1912. Sahlin (1542 — i ; — 2). Discusses the potentialities - 
of India as an iron-producing country, and describes the 
Tata Iron and Steel Works. 

1914. Bose (171). A general account of the iron ore depo- 
sits, compiled from the publications of the Geological 
Survey, with a history of recent developments of the 
industry. 

The average amount of iron ore raised annually in India, during 
the five years 1906 to 1910, was 74,105 tons. In 1911, consequent 
upon the opening of the Tata Iron and Steel Works, the output rose 
to 366,190 tons, an amount approximately equal to the total pro- 
duction of the preceding five years. For this and the four follow- 
ing years the average annual output has amounted to 429,840 tons. 

AFGHANISTAN. 

According to Drummond (504 — 2, 82), writing in 1841, most 
of the iron then used in Afghanistan was smelted from iron sand 
collected from the mountain streams in Bajanr; but he also men- 
tions (page 76) the occurrence of a bed of hematite, 30 to 40 feet 
in width, at the Silawat Pass (34° 22' : 69° 17'). Thick beds of 
hematite were also noted by Lord (1091 — 2, 636) near the Hajigak 
Pass (34° 39' : 68° 7'). 

The Silawat ores are associated, according to Hayden (793 — 22, 
17) with schistose hematite-quartzites and other crystalline rocks, 
probably corresponding to the Dharwarian series of the Indian 
peninsula. The Hajigak ore, on the other hand, is probably of 
Devonian age. It is described (1. c., page 24) as forming a con- 
spicuous band at the base of the Hajigak series, traceable from near 
Kaltt (34° 41' : 68° 2') into and beyond the Panjshib Valley 
(35° 20' : 69° 46'). Little use appears to have been made of these 
ores, though Lord mentions (1091 — 2, 525) a largo deserted iron 
mine at Sukht-i-Chenar, on the road to the Ghorband Pass; nor 
has any analysis of the ores been published (B. 402). 

ASSAM. 

AI)or Hills.— Thin bands of shale with numerous nodules of clay 
ironstone of good appearance were observed by Coggin Brown 
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(211—5, 253) in the bed of the Dihang R. at the Geku crossing 
(28° 26' : 95° 6'). 

Khasi and Jaintia Hills. — The earliest account of the manufac- 
ture of iron in the Khasi hills was given by Jones (956 — 2, 284) 
in 1829, when the industry appears to have been in a flourishing 
condition ; so much so that the establishment of iron works on a 
large ^cale at Cherra Punji was seriously advocated by Watson 
(1902 — 1). The method of obtaining the ore, and the native pro- 
cess of smelting, have been fully described by Walters (1880—3, 
505); Cracroft (38S— 2), Yule (1987—1)’, Oldham (1326—8, 201), and 
lastly by Darrah (420), whose report was written in 1885, when very 
few furnaces were still kept at work. 

The ore, in the form of magnetic iron sand, was collected by a 
system of ground sluicing from granite decomposed to a consider- 
able depth by weathering. The granite is exposed over wide areas 
in the neighbourhood of the villages of StrRAniM (25° 21': 91° 48') 
Molim (25° 29' 30" : 91° 63'), and NoNasPONa {25° 27' : 91° 40'), 
where the chief centres of manufacture were situated. The ' bloom ' 
produced at each operation weighed from 10 to 14 lbs., but contained 
a large proportion of slag, which was afterwards removed by the 
blacksmiths. Much of the iron was exported to the plains of Sylhet, 
where it was in great demand for making the staple-shaped cramps 
used in 'fastening the timbers of boats (B. 412). 

, Lakhimpur and Sibsagar. — The iron industry of Upper Assam, 
which was of considerable importance under native ride, as des- 
cribed by Robinson (1503 — 1, 34) and Hannay (760 — 5 ), has long 
become extinct. The principal ores used, according to Mallet (1159 
9, 359), were clay ironstone nodules from the coal measures, contain- 
ing from 22 to 40 per cent. Fe ; and impure arenaceous limonite 
from the Sub-Himalayan (Tipam) group. The latter variety is 
©aid to occur in unlimited quantities, but is of poor quality, the 
average yield being considerably less than 30 per cent. Fe. Hannay 
(760— 1)‘ mentions the existence of old excavations made in search 
of iron ore near Jaipue (27° 16' : 95° 27'), but the chief centres of 
manufacture were situated at Tirugaon (26° 52' 30" : 94° 58'), 
Hattighae (?) to the B. of Sibsagar, and Golaghat (26° 31' : 94° 
1'). The native smiths appear to have possessed a considerable 
amount of metallurgical skill, since they were able to turn out guns 
of large dimensions as well as small arms (B, 412). 

Large quantities of ferruginous sandstone, passing locally into 
sandy hematite and hematitic conglomerate, were observed by 
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Smith. (1667 — 2, 92) in the Mikir hills, hut it is seldom that the hema- 
tite is sufficiently concentrated to afford a workable* ore. 

Manipur* — The ore used by the native smelters occurs, accord- 
ing to Oldham (1324 — 3, 239), in the form of small pisolitic nodules 
of limonite in swampy tracts, beneath 2 to 5 feet of alluvium. The 
ore bed is from 3 to 12 inches thick. The furnace is of a most pri- 
mitive description, open in front, and about 18 inches in height. 
Gupta (726) states that the ore is piled into a heap with layers of 
straw and roasted, before being smelted. 

BfiNQAl. 

‘ Bankura, — Everest (557 — i, 130)' mentions the occurrence of 
large quantities of iron ore, supposed to have been deposited by 
springs, at a locality 4 miles to the S. of Bankura. 

Birbhum. — The indigenous iron industry appears to have been 
more highly developed in the Birbhum district than in any other 
part of India, for the furnaces were not only the largest in use, but 
their efficiency was, comparatively speaking, of a high order. The 
iron was reduced to a molten condition, and was refined by a second 
operation resembling puddling, in which it was converted into 
wrought iron. The operations have been described by Jackson 
(922) and Oldham (1826 — 2, 6), The chief centres of manufacture 
were Mahomed Bazaab (23^^ 69' 30" : 87® 38'), Deooha (24® 2' : 
87® 39'), Damba (24® & : 87° 40' 30"), and Ballia-Nabainptje 
(24® 14' : 87® 46' 30"). About 70 furnaces were at work in 1852, 
according to Oldham, who estimated the total production of un- 
refined iron at 2,380 tons per annum (if the furnaces were conti- 
nuo\isly worked), equivalent to about 1,700 tons of wrought iron. 
In addition, a certain quantity of iron was smelted in smaller fur- 
naces by the Santa LS, an aboriginal hill people, whose operations 
have been described by Toj-rens (1791 — 2). 

The principal supplies of ore were obtained from lateritic deposits 
at the southern margin of the Eajmahal trap area, especially those 
in the neighbourhood of Mallabptjr (24® 6' : 87® 40' 30"). These 
ores -were made the subject of a special examination by Hughes in 
1875, in connection with proposals to establish iron works in the 
district, the results of which are quoted by Ball (71 — 26, 243). The 
average yield of iron from 29 samples, collected at various localities, 
was 43 per cent. Phosphorus was estimated in 4 of these samples, 
and amounted on the average to 1‘5 per cent. Po Analyses 

made by Piddington in 1829 (1405 — i), and in 1858 by Barratt 
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(80 — 3 ), gave similar results. Two other sources of ore are meu-- 
tioned by Ball {L c., 241), viz., veins and nests of brown hematite, 
occurring in the Gondwana sandstones, which furnish the ore used 
by the Santals ; and secondly, layers of pisolitic iron ore and nests 
of brown hematite, associated with the Rajmahal trap. 

The first attempt made to develope the industry under European 
supervision dates from the year 1777, when Messrs. Motte and 
Farquhar were granted the exclusive privilege of manufacturing 
iron to the west of the meridian of Burdwan. Operations were 
carried on in Birbhum from 1779 to 1789, with what result is not 
known, but the lease was relinquished in 1795 {see Heatly, 801 , 545). 
Nothing further appears to have been done till 1855, when works were 
started at Mahomed Bazaar by Messrs. Mackay and Co., capable 
of producing 2 tons of pig iron a day. In a report on these operations 
by Blanford (148 — 4 ), it is stated that the iron was superior in quality 
to ordinary English pig iron, and that the supplies of charcoal, ore, 
and flux would be siificient for works on a moderate scale, if careful 
supervision were exercised over the management of the forests. 
A final experiment initiated by Messrs. Burn and Co. in 1876 was 
abandoned after a few months' trial (B. 362). 

Burdwan. — ^The iron ores of the Raniganj coal field occur in the 
Ironstone shale group, or middle division of the Damuda series. 
The estimated thickness of the group is about 1,400 feet, and its 
outcrop extends for a distance of about 33 miles from east to west. 
The ore is not equally distributed throughout, but is more abundant, 
according to Blanford (148 — 7 , 74), in the upper part of the group, 
where it forms discontinuous seams or strings of nodules consisting 
of clay ironstone. Bands of carbonaceous ore, or ' black band are 
also occasionally met with. From measurements made by Smith 
(1655 — 1, 76) in a shaft at Baritl, or Babul (23° 44' 30" : 87° 10' 
30"), 8 miles to the N. of Raniganj, Blanford estimated the average 
proportion of ore at about l-17th of the whole thickness of strata ; 
but measurements made by Hughes ( 888 — 14 , 25) pve one foot of 
ore ill 10 or 12 feet of shale, and the quantity available as, roughly 
speaking, 200 millions of tons in every square mile. 

Analyses of the ore made by Piddingtoii (1405 — l) and 
Prinsep (1436 — 8, 278) show that the proportion of iron varies 
within wide limits. Blanford (148 — 7 , 194) quotes analyses of 29 
samples from various localities giving an average yield of 38*92 
per cent. Fe. Phosphoric acid, as determined by Hughes ( 888 — 16 ),. 
occurs in amounts varying from 0*57 to 2*57 per cent., but trace.s 
only of sulphur were detected in the 7 samples examined. 
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In the year 1839 a practical experiment was made by Messrs. 
Jessop and Co. (945) in smelting about half a ton of Burdwan ore, 
using coke as fuel, but proved inconclusive, as the iron could not be 
reduced to a fluid state. Several years later, proposals for estab- 
lishing iron works in the Damuda valley were discussed by Oldham 
(1326—2, 9) and Baker (67, 489) ; and in 1874, following the sub- 
mission of a report by Baiierman (89), the whole question of the 
resources of the Eaniganj field in iron ore, fuel, and flux, was made 
the subject of a report by Hughes (888 — 14; — ic). Works were 
started in the following year at Kulti, near Barak:ar (23® 45' : 86° 
52'), by a private Company; but, owing mainly to insuflScient 
capital, the enterprise proved unsuccessful, and was abandoned 
in 1879. Prom a report submitted by Schwarz (1594 — l) in 1882, 
it appears that two furnaces had been erected, each capable of pro- 
ducing 20 tons of pig iron a day (B. 368). 

The plant was then taken over by Government, and operations 
were carried on till the year 1889, when the undertaking was trans- 
ferred to the Bengal Iron and Steel Company, who entirely remodelled 
the works, and gradually developed them until there are now three 
blast furnaces furnished with up-to-date equipment at work; be- 
sides foundries covering an area of about 104,000 square feet, rolling 
mills, etc. The average annual production of the works, during 
the five years 1909 to 1913, was 48,364 tons of pig iron^ and 13,208 
tons of castings. 

On accouht of the high percentage of phosphorus in some of 
the Eaniganj ores, it was found advisable to mix them with magnetic 
ores brought from the Singhbhum district, whereby the proportion 
of phosphoric acid was reduced from an average of 2 ’09 per cent, 
to about 0*50 per cent, {sec Harris, 769 — i). More recently the 
use of Eaniganj ore, owing to the depletion of the stocks readily 
available at the outcrop of the shales, has been given up, and the 
works are now supplicxl entirely with ore from Singhbhum. For 
this reason the quantity of iron ore raised in Burdwan has declined 
from a yearly average of 72,988 tons during the five years 1905 to 
1909, to 9,971 tons during the succeeding five years. 

A description of the plant now in use at the Barakar Iron Works 
has been given by McParlane (1120). 

Darjeeling. — Two occurrences of iron ore have been noted by 
Mallet (1159— G, 65):— 

Lohargarh (26° 48' 30" : 88° 15'). A bed of impure hematite in- 
cluded in Tertiary sandstones, with a maximum thickness of about 
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120 feet, and a length, of outcrop of about a mile. The average 
yield of iron obtained from 3 samples was 30*6 per cent. 

SiKBHAR (27° 1' 30" : 88° 36'). Bands of magnetite, associated 
with actinolite and micaceous hematite, exposed about a mile to 
E. S. E. of the village. The main ore band is about 20 feet thick, 
and consists when pure of a friable aggregate of magnetite crystals. 
These yielded on analysis 71*60 per cent. Ee, and the micaceous 
hematite 59*89 per cent. Fe. Neither contains phosphorus or sul- 
phur. The deposit was worked to a small extent by Nepali smelters, 
who asserted that the magnetite produced iron of superior hardness 
and toughness, though more difl&cult to smelt than the micaceous 
ore. 


BHUTAN. 

Eden ( 528 , 92) states that the soil in the neighbourhood of Paro 
( 27° 23' : 89° 29' 30") is highly charged with magnetic sand, which 
is used locally for manufacturing iron. 

BIHAR AND ORISSA. 

Bhagalpur* — According to reports quoted in the Agricultural 
Ledger ( 104 ), two kinds of iron ore are obtained in the district. 
(1), from the sands of hill streams ; and (2), from lateritic gravels. 
The ore is finely powdered and sprinkled on a fire of charcoal, in a 
small clay built furnace. There were 21 furnaces at Katauria 
(24° 46' : 86° 46' 30") in 1898, but the industry was declining. 

Cuttack, see Orissa below. 

Hazaribagli. — Hazaribagu (24° 0' : 86° 26'). According to 

Williams (1935 — 2, 74), a lode of iron ore, 60 feet in breadth, is 
exposed among the crystalline rocks about a mile to the N. E. of 
the town, running in a nearly E. and W. direction. A portion 
of this band consists of the mineral named " Calderite ' by Piddington 
(1405 — 38). Ball, however, remarks (71—45, 376) that this and 
similar deposits of magnetite, reported as occurring in the district, 
are of no value as a source of iron. 

Karanpura (23° 50' : 85° 15'). Two varieties of iron ore are 
mentioned .by Hughes (888 — 7, 341) as occurring in the Karanpura 
coal field. The most abundant is the clay ironstone of the Ironstone 
shale group, of the same character as the ore occurring in that group 
in the Eaniganj coal field. Beds of hematite, assaying from 50 to 
60 per cent, of iron, also occur in the lower, or Barakar, group of 
the Damuda series. Both varieties were largely used by the Agarias, 
or native smelters. According to Thompson (1771—1, 3), there were 
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23 furnaces at Tendwa, in the centre of the field, in 1854, each of 
which produced 160 lbs. of iron a day for six months in the year. 

Karhabbari (24° 10' : 86° 20'). Smith, in a report to Govern- 
ment (1655 — 2, 97), states that a seam of iron ore 7 inches in thick- 
ness, lying at about 100 feet above the coal seams, is extensively 
worked by the native smelters. The yield is said to be about 33 
per cent, of crude iron. 

Ramgarh (23° 38' : 85° 35'). The Ironstone shales are not well 
represented, according to Ball (71 — 2, 124), in the Ramgarh coal 
field, and the ore is of poor quality. The construction of the fur- 
naces in use, and the methods of smelting and refining, have been 
described by ‘Williams (1936 — 2, 67). About 60 furnaces were at 
work in 1852, each producing about 180 lbs. of refined iron a day. 

Kalahandi. — ^No large masses of iron ore were observed by Walker 
(1872 — 3 , 19). Concretionary limonite obtained from alluvial depo- 
sits is smelted by the native smiths. Near Olatura (20° 20' : 
83° 36') hematite occurring in bands alternating with garnetiferoiis 
quartzite is used locally to a small extent. 

Uluttblium. — The Ironstone shales of the Damuda series are but 
poorly represented in the Jbaria coal field. Smith (1655 — l), 
Hughes (888 — l, 312), and Henwood (825 — 4) have all reported 
unfavourably on the quality of the ore, which is said to be so sili- 
ceous that the Kumars, or native smelters, could do little with it. 
Ferruginous concretions obtained from micaceous clay shales were 
used in a furnace at Telaia (23° 49' : 86° 14'). 

According to Ball (71 — 46 , 106), magnetic iron sand occurs in 
all parts of the district occupied by the crystalline rocks, and was 
formerly collected from the streams and smelted. The most con- 
siderable accumulation of magnetite occurs in a hill near Teltjdi 
(23° 34' : 86° 57'). Massive specimens of ilmenite, or titauiferous 
iron ore, were obtained at the foot of the hills to the W. N. W, of 
Manbazaar (23° 3' 30" : 86° 43'). 

Ball has also described (i!. o., 77) the occurrence of lodes of hema- 
tite along the faulted junction between the metamorphic and sub- 
metamorphic (Dharwarian) rocks in the south of the ‘district. The 
most important exposures of these ores were observed near Katrah 
(22° 59' : 86° 55') ; to the N. and N. E. of Ambikanagar (22° 57' : 
86° 49' 30") ; and further to the west in the hills near Baxjoh 
( 22° 59' : 86° 40'). The ores are said to be rich and abundant. 
(B, 373). 
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Mayurbhanj. — The discovery of important deposits of iron ore 
in the Mayurhhanj State is due to Bo^e, who gave a brief descrip- 
tion (173 — 20, 168) of their mode of occurrence in the year 1904. 
The deposits were subsequently examined, on behalf of Messrs. 
Tata and Sons, by Perin and Weld, from whose account of them 
{1911), and a sunamary of the same published in the Quinquennial 
Eeview of Mineral Production for 1909-13 (862, 108), the following 
■particulars are taken. 

The ores dccur in the form of roughly lenticular bodies of hema- 
tite with small proportions of magnetite, in association with banded 
quartzites and quartz-iron-ore rocks, between intrusive masses 
of granite on the one hand and granulite or charnockite on the other. 
In all about a dozen ore bodies have been located, the most 
important of which are : — 

(1) Gurumaishini (22° 18' 30" : 86° 21'). ‘ Three distinct and 
parallel leads, measuring respectively 7,000, 5,500 and 3,000 feet 
in length, and varying from 300 to 700 feet in breadth. There are 
also three large isolated masses, one of which forms the main peak 
of Gurumaishini hill, 3,000 feet above sea level. The total area is 
estimated at 19 millions of square feet, and the total quantity of 
ore proved at 16 millions of tons for every 10 feet in depth. Com- 
position of ore (average of 10 samples) : — Fe=64'33 : P=0-075 : 
S=0‘021 : SiOii=l*64 per cent. 

In addition there are large quantities of rubble or ' float ' ore, 
which have been found to yield on analysis (average of 20 samples) : 
— re=61*46: P=0*048 : S=0-036 : Si 02 = 3- 34 per cent. 

(2) Okampad (22° 9' : 86° 17'). A single ore body, covering an 

area of 300,000 square feet, and at one point 300 feet thick. There 
are also two smaller outliers and about 165 acres of ‘ float ' ore. 
Average analysis of 4 samples : — Fe=67-65 : P=0*043 : S=0*012 : 
Si02=l*58 per cent. ' 

(3) Badampahar (22° 4' : 86° 11'). A single lens measuring 
roughly 3,000 feet in length by 500 feet in breadth, with, many 
small outliers. The outcrops of massive ore have been observed 
through a vertical height of 600 feet. No analyses of these ores 
have yet been published. 

The ores of Gurumaishini hill are now being exploited by the 
Tata Iron and Steel Co., Ltd., whose works are situated at the junc- 
tion of the Subarnarikha and Khorkai rivers near Sakchi (22° 48' 
30" : 86° 16') in Singhbhum. These works have been designed 
for the production of 160,000 tons of pig iron and 100,000 tons of 
steel annually. Particulars of the progress of the undei^taking and 
the equipment of the works have been published in the Quinquennial 
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Reviews of Mineral Production (861, 107 ; 863, 106), and in Stahl 
iind Eisen (35 — 57 ); also by Perin (1392) and Sahlin (1542 — i; 
-“ 2 ).' 

The average quantity of ore raised annually in Mayurbbanj 
.since the opening of the Tata Works has been 317,068 tons. 

Orissa. — The iron industry of Cuttack and the Tributary Mahals 
of Orissa, though apparently never in a flourishing condition, 
was made the subject of special enquiries in the early days of the 
Geological Smwey {see Oldham, 1326 — 10, 11 ; Blanford, etc., 150, 
85). 

The ores used by the native smelters were such as could be con- 
veniently gathered on the surface, chiefly concretions of hematite 
weathered out from the sandstones of the upper Damudas, and to a 
less extent pisolitic nodules occurring in the lateritic deposits. 
The arenaceous hematites occurring in the Damuda beds of the 
Talcher coal field, though rich and apparently well adapted for 
smelting, were little worked. 

The native processes of smelting and refining the iron were 
fully described by Oldham (Z. c., 14), who also discussed the pros- 
pects of introducing improved methods of manufacture. Accounts 
of these processes have also been given by Samuclls (1550, 249) 
and H. F. Blanford (147 — 15 ). 

Analyses of two specimens of the concretionary ores were pub-’ 
lished by Piddington (1405 — 74 ) in 1855. One of these, from 
Kankehai (20° 58': 85° 3' 30") in Angul, contained 46-8 per cent. 
Fe ; the other from Pal Lahara (21° 26' : 85° 15'), contained 
47 per cent. Fe. 

Refcrencesto the iron industry and the distribution of iron ores 
in Oi’issa have also been made by Stirling (1706, 179), Kittoe (994 
— 4 , M4), and Righy (1485, 837)— (B. 361). 

Palaimui. — Kail (71— 65, 79, 112) has given a complete 
account of the iron ores of Palamau, and of the operations of the 
Agarias, or native smelters. Three varieties of ore are distin- 
guished : — 

(1) Magnetite, either pure or decomposed, occurring as veins 

in horiiblendic rocks, or as disseminated crystals in 
granite. These were observed at several localities, but 
never in sufficient quantity to be of economic value. 

(2) (lay iron ores and hematite, forming bands or strings of 

nodules in the shales, or concretionary masses in the 
sandstones of the Barakar group. 
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(3) Eed and brown hematite, forming bands in the laterite 
capping plateaus at a greater elevation than 3,000 feet. 
The most extensive development of these ores occurs on 
the plateau of Neturhat (23° 29': 84° 19'). A sample 
from this locahty contained 45*5 per cent. Fe. 

The most important ores, as regards abundance and accessibility, 
are the claystones and hematites of the Barakar group. These arc 
especially well developed in the Aurunga coal field, in the neighbour- 
hood of Eajbar (23° 47' 30" : 84° 41'), where they occur in a well 
defined- zone of ferruginous shales, exposed for a length of 2 or 3 
miles, and about 200 feet in thickness. They are still more abundaut 
in an outlying patch of Barakars to the N. of Balunagar (23° 50' : 
84° 43' 30"), where they cover an area of about 4 square miles. In 
each case the ores are estimated to form about 10 per cent, of the 
whole bulk of strata in which they occur. 

On analysis 5 samples yielded on the average 44*8 per cent. Fe. 

Limestones eminently suited for use as flux are paid to occur in 
abundance in the crystalline rocks near the western edge of the coal 
fleld. Proposals have been made (see Hewitt, 833, 420) for the 
establishment of iron works on a large scale at Balumath (23° 50' : 
84° 51'), situated between the Aurunga and Karanpura coal fields. 

The ironstone beds also occur in the Hutar coal field {see Ball, 
71 — 32, 97), in the neighbourhood of Morwai (23° 46' : 84° 9') 
and Nawadih (23° 50' : 84° 5^), and have been used by the Agarias ; 
but the quantity available is comparatively small. Three samples 
from this field gave an average of 49*4 per cent. Fe (B. 376). 

Sambalpur. — The native processes of iron smelting as practised 
at Amdiah, near Sambalpur, and Kutarbaga (21° 39' : 84° 11'), 
have been described by Eose (1515) and Babington (56). The ore 
was obtained, according to Ball (71 — 2S, 182), from lodes of de- 
composed magnetite occurring among the crystalline rocks of the 
Kutarbaga range (B. 381). 

Santhal Parganas. — In the Eajmahal hills, iron ores occur under 
the same conditions as in Birbhum {see Ball, 71 — 2G, 241). Tiie 
highly ferruginous sandstones occurring beneath the Eajmahal trap 
are mainly used by the local smelters, according to Oldham (1326 — 
6,279). 

Shahabad. — Sherwill (1625 — 6, 283) mentions the occurrence of 
iron ore in great abundance on the surface of the Kaimur table land, 
near its southern edge, in the neighbourhood of Surki (?). Largo 
heaps of iron slag were seen near Sulya (24° 48' : 83° 39'). 
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Singh Wmnu— Ball (71 — 46 , 146) gives a general account of the . 
distribution of iron ores in the district. The most important occur 
in the form^ of lodes or veins in the sub-metamorphic or Dharwarian 
rocks, especially in the neighbourhood of, and to the W. of Chaibasa 
( 22° 33' : 85° 52'). Some of the ore near Lagia (22° 32' : 86° 46'). 
is said to be rich in manganese. Three distinct veins were observed 
near J ogohatu and Chingijaei, to the south of Saitba (22° 33' 
85° 39' 30"), and they are said to be abundant near Tenbu (22° 38' : 
85° 34"). 

Since the year 1906, the Bengal Iron and Steel Co. have obtained 
supplies of ore for their works at Barakar from two deposits, situated 
at Turambih (22° 43' : 86° 15') and Hakigora (22° 41' ; 86° 13' 30'^),. 
to the S. of Kalimati, on the Bengal-Nagpux Railway. These were 
examined in 1908 by Fermor {see Holland, 859 — 71 , 41). The 
Turamdih ore forms patches or veins up to 3 feet in width in magne- 
sian schists. At Hakigora the ores are banded magnetite and 
hematite quartzites. In both cases the chief supplies of ore have- 
been obtained from the detrital deposits resulting feom the disintegra- 
tion of the rocks by weathering. 

More recently, according to. the Quinquennial Review of Mineral. 
Production ( 862 , 105), rich deposits of ore have been developed by 
the Bengal Iron and Steel Co. at Pansira ox Notu Hill (22° 19' : 
85° 26') and Buda Hill (22° 17' : 85° 20' 30"), S. E. of Manharpur 
on the Bengal-Nagpur Railway. The total quantity of ore available 
has been estimated at 10 million tons; and average samples have 
given the following results on analysis : — Fe=64*00 : P=0-05 : Mn. 
=0*06 : Si02=3-00 per cent. 

The quantity of iron ore raised in Singhbhum increased from- 
8,825 tons in i906 to 151,662 tons in 1914. In 1915 there was a 
slight falling off, to 127,040 tons. 

Talclier see Orissa above, 

BOMBAY. 

Although the ores of iron, especially those of a lateritic origin,, 
are widely distributed in the Bombay Presidency, practically no 
use is now made of them. In the districts of Ahmedabad, Kaira, 
the Panch Mahals, and Surat, large mounds of iron slag afford the 
only evidence of the former existence of the industry, and no in- 
formation is available regarding the quality or relative abundance 
of the ores employed (B. 398). 

During the five years ending with 1914, the quantity of iron ore 
returned as having been raised in the whole of the Presidency has 
not exceeded one ton annually. 
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Bijapnr. — Oceurrenoes of iron ore in the Kaladgi series were 
noted by Foote (596 — 12 , 258, 263) at three localities : — 

Amingabh (16° 3' 30" : 76° 1'). The breccias near the base of 
the Kaladgi series are locally rich in hematite. The form of furnace 
in use is illustrated on page 264. 

Bassae&i (15° 54' : 75° 14'). Rich brown hematite forming 
the rnatrix of a breccia of chert. 

Bisnal (16° 23' 30" ; 75° 33'). Four beds of richly hematitic 
schist interstratified with quartzite, occurring about 1| mile to S. by 
E. of the village. 

In all cases the ore was being smelted on a small scale at villages 
in the neighbourhood of the outcrops. 

Cuteh.— A description of the process of iron manufacture in 
Cutch was given by Grant (691 — 3 , 293) in 1837, when the principal 
works were situated in the neighbourhood of Dudibai (23° 19' : 
70° 11'). The ore, according to Wynne (1975 — 11 , 87), was derived 
either from beds of hematitic laterite in the sub-Nummulitic group, 
or from highly ferruginous deposits associated with stratified trap 
near Buchao (23° 18' : 70° 24'). In 1872, when Wynne wrote, the 
industry had become extinct (B. 401). 

Kathiawar. — A detailed report on the iron industry of Kathiawar 
was drawn up by Jacob (924r— 1) in 1840. At that time iron was 
being smelted at Ranawao (21° -41' : 69° 48') and Ranpur (21° 50' : 
69° 44'), From the description of the furnace, it appears ' to have 
been of a different type from that commonly used in other parts 
of India. Outwardly it bore some resemblance to a reverberatory 
furnace, being oblong in shape and built of brickwork lined with 
clay, with a chimney at one end and apertures for the blast and the 
removal of the slag on opposite sides at the other end. The ore, 
however, was not kept entirely separate from the fuel, but was 
laid on a bed of charcoal in the body of the furnace, and covered 
with a layer of the same. About 2 cwts. of ore were smelted at a 
time, and the yield is said to have been about 40 per cent. The 
yearly output of each furnace was about 16 tons. 

The ore was obtained from .lateritie deposits in the neighbour- 
hood of Bakharla (21° 44' : 69° 41' 30"), at a depth of from 5 to 20 
feet below the surface. Fedden (569—6, 133) also states that ore 
was formerly obtained from ironstoiie bands near the top of the 
Uniia (Jurassic) group, and was smelted at Kanteori (22° 46' : 
'71° 24'), where there are very large mounds of iron slag (B. 400). 
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_ Adye (11, 208) mentions the occurrence of lateritic deposits of 
iron ore at the following locaUties in the Navanagar State:— 

■ w" m’) ^ 

The S. W. end of a ridge at Maha Devia (22° 12' : 69° 20'). 
Tamba^ Talao, 1|- mile to E. S. E. of Nandana (22° 8' : 69° 
21'). 

Khokhea Dhae, a ridge on the outskirts of Lamea m ° 54' • 
69° 22' 30"). 

Hillock, 2 mileSs to S. E. by E. of Bhatia (22° 6' : 69° 20'). 
Cheque Dhae, about 2 miles to E. of Wadwala (21° 50' • 
70° 0' 30"). 

Some highly ferruginous dykes were observed about 3J miles 
to S. S. E. of Jam Jodhpue (21° 54' : 70° 5' 30"). 


Ratmigiri. — The mode of occurrence of iron ores in the southern 
Konkan was described in 1842 by Gibson (664—2), and in 1856 by 
Aytoun (51—3, 79), the latter of whom advocated the establishment 
of an iron foundry at Savantvadi (15° 55' ; 73° 52'). Lateritic 
ores, which are widely distributed, were commonly used for smelt- 
ing; but veins of magnetite and hematite are also mentioned as 
occurring in crystalline rocks at Malvan (16° 3' 30" : 73° 31'),. 
which was then the chief centre of manufacture. A specimen of 
micaceous hematite from this locality analysed by Eoyle (1529 — 3),. 
is said to have contained 69 per cent. Fe. 

A description of the native methods of dressing and smelting 
the ore has been given by Shastree (1614) ; and Foote (596 — 12 ,. 
267) gives an illustration of the peculiar bottle-shaped furnace in 
use in the State of Savantvadi (B. 398). 

The iron ores occurring in the crystalline (Dharwarian) rocks 
of this neighbourhood have recently attracted attention with a view 
to their exploitation for export to Europe (see Hayden, 798 — 28, 
18). The most promising occurrences have been located in Goa ; 
at Redi (15° 45' : 73° 43') in Ratnagiri ; and near Banda (16° 
48' 30" : 73° 55') in Savantvadi. 


Rowa Kautha. — ^In 1852 FuUjames (629 — 9, 112) gave - a des- 
cription of the iron ores found in the western portion of this and the 
adjoining districts, but does not mention either the quantity avail- 
able or the quality of the ore. Large quantities of iron slag occur 
in several places, especially in the neighbourhood of Jambxjghoda 
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<22° 22' : 73° 48') and Narukot (22° 23' : 73° 45' 30"), where the 
0 X 6 was probably derived from Dharwarian rocks (B. 399). 

In Bajpipla iron was formerly worked over ah area of about 16 
square miles in the Jhagadia and Vaha Taluks, according to Bose 
( 173 — 23 , 182). Large mounds of slag were seen at several locahties. 
At Limodba (21° 44' : 73° 12' 30") they are said to cover an area of 
about 6 acres, to an average depth of 5 feet. The ore was obtained 
from lateritio deposits. An average sample from Dunori (21° 32' : 
72° 11') gave 73*17 per cent, oxide of iron, 10-68 per cent, of silica, 
and 9*26 per cent, of alumina. 

A sample of hematite from the hills N. of Moriari#(? Mxjdhiari: 
or Muthyari, 22° 26' 30" : 73° 48' 30") in Chota Udaipur, analysed 
at the Imperial Institute ( 514 — 5 ), contained Fe=56-9 : P=0-074 : 
S? 02 ==l 6- 68 per cent. 

Satara. — Iron ore in the form of nodular hematite, associated 
with laterite, is mentioned by Sykes (1786 — i, 426) as being worked 
at MAHABXiESHWAR (17° 66' : 73° 43'). He remarks that this was 
the only metallic ore met with in the Deccan (B. 398). 

Sind* — ^Vicary (1845 — 5, 341) mentions the occurrence of iron 
ore at the base of the hills to the N. N. W. of Kotri (25° 22' : 68° 
22 '), According to Blanford (148 — 63, 193), the ore occurs in bands, 
often from 15 to 20 feet thick, in the passage beds between the 
Khirthar and Eanikot groups, especially in the neighbourhood of 
Lainyan (25° 40' : 68° 12' 30"), and to the.B. of Bandh Vera (25° 
34' : 68° 8'). Portions of the bands only are said to be sufiSciently 
ferruginous to deserve the name of ore. Some ferruginous rock 
also occurs at the base of the Manchar group near Bandh Vera, but 
is of doubtful economic value (B. 402). 

BURMA. 

An average annual production of 14,400 tons of iron ore is re- 
corded in Burma during the five years 1910 to 1914, and in 1915 of 
16,526 tons, but the districts whence the ore was obtained are not 
stated in the published returns. A large proportion of the output 
is due to the operations of the Burma Corporation at Bawdwin, where 
the ore is used as a flux in treating the refractory lead slags left by 
the Chinese miners. 

Amherst. — According to the description given by Heifer (808 
— 1, 9; — 7, 181) and O’Eiley (1840 — 3, 734), the iron ores of the 
■district are all of a lateritic character. They are said to cover 
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extensive areas in the valleys of the Salween and its tributaries, and 
to be especially abundant on the Gyaing R. (16° 38' : 98° 1'). 
Hematite containing 85 per cent, of metal is said to occur at several 
places on the Ataean E. (16° 8' : 98° 2') and its tributary the 

ZlMME. 

Kyaukpyu. — ^Walters (1880—4, 264) states that iron of excellent 
quality was formerly smelted from lateritic ores on the island of 
Ramri. Iron ore is not mentioned among the mineral resources 
of the island by Mallet (1159 — 14). 

Mandalay. — Some apparently rich deposits of iron ore have been 
noted by Datta (424 — 3, 121) as occurring in the neighbourhood of 
SiNGATOG (Zeg6n, 21° 58' : 96° 27') and Twinno^ (21° 57' 30; : 
96° 26') on the Shan plateau. The extent and depth of the deposits 
could not be determined. 

The deposits at Twinng6 are now being worked by the Burma 
0o3q)oration, Ltd., in order to supply flux for the treatment of the 
lead ores at the Eawdwin mines. They have recently (1916) been 
examined by Coggin Brown {Records, G. S. I., XLVII, 137), who 
found that the ore occurs in rounded grains, pebbles, and masses 
sometimes several feet in diameter, forming a layer near the base 
of the mantle of red clay which overlies the dolomitic limestone 
of the Shan plateau. The orC is considered to be of a residual 
character, representing the ferruginous mattOT originally . dissemi- 
nated through that portion of the limestone which has been removed 
by denudation. The ore bed has an average thickness of about 
3 ft., and the quantity originally available was estimated at about 
275,000 tons. The proportion of iron contained in average samples 
ranges from ’56'3 to 60'1 per cent. „ , „ 

The Devonian shales exposed at Wbtwin (22 6 : 96 38 30 ) 
are highly ferruginous in places along the outcrop, but trial 
pits have shown that the ore is merely superficial. 

Mergui.— Heifer (808— c, 180) states that considerable quantities 
of iron ore occur on Maoin or Meaing I. (12° 22 ; 98 30), 10 miles 
to the S. W. of Mergui. The ore was pronounced by Ure (1827—2, 
237) to be of good quality, with a specific gravity of 3-18 to 3-37. 
Similar ores were observed on KiLA-KHUiNG I., near the mouth of 
the Lenya R. ; on two islands to the W. of Malcoui’s I. ; and on 
White Pigeon I. to the N. of the mouth of the Pakchan R. (10° 
• 0' : 98° 35'). The ore is said to contain from 40 to 60 per cent. Pe 
(B. 416). 
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Lateritic iron ores are widely distributed, according to Bose 
(173 — 18, 161), in the valley of the Great Tenasserim R., but appear 
to be of inferior quality. An exceptionally pure sample from 
Therabwhst (12° 18' : 99° 3') contained 5049 per cent. Fe. 

Myingyan. — A large proportion of the iron produced in Upper 
Burma under native rule is said to have been smelted in the neigh- 
bourhood of the extinct volcano of Popa or Puppa (20° 55' : 95° 18'). 
According to Blanford (148 — 6, 219; — 8), the furnaces were of the 
most primitive kind, being merely holes dug in a bank of clay, and 
no artificial blast was employed. The ore was collected, in the form 
of concretions of brown hematite, from Pliocene gravels surrounding 
the base of the mountain (B, 416). 

Hfyitkyina. — Bleeck (1§1 — 3 , 262) mentions the occurrence of 
" bog iron ore ", outwardly resembhng laterite, forming broad hori- 
zontal terraces in the valley of the Uru (Uytj) R. to the W. of 
Hweka (25° 29' : 96° 20'). A sample on analysis gave : — Fe= 
77*54 : Si02==l‘63 : Al 203 = 7 * 37 : H20=13*46 per cent., with 

traces of phosphorus. 

Prome. — ^The upper portion of the ' Fossil-wood " or Irrawaddy 
group of eastern Prome and the adjoining districts of Upper Burma 
is characterised, according to Theobald (1763 — 6, 83; — 10, 253) 
by a profusion of concretionary nodules of brown hematite. These 
nodules were extensively smelted when the country was imcler 
Burmese rule, but the" industry has long been extinct (B, 414). 

Shan States (S.). — ^Large masses of brown hematite were observed 
by La Touche (1034 — 45 , 374) along the outcrop of the Nauiiig- 
kangyi (Ordovician) shales on the eastern side of the Loi Twang 
RANGE (21° 56' : 97° 43') in the State of Kehsi Maiisam. The 
shales themselves are not particularly ferruginous, and the occur- 
rence is probably an instance of superficial enrichment of tho 
weathered portion of the beds. 

Tavoy.— Heifer (808—2; —5, 28), Low (1097—2, 147), and 
O'Riley (1340 — 3 , 735) all mention the occurrence of iron ore in 
large quantities near the town of Tavoy (14° 4' : 98° 14'). Therii 
are said to be two beds of ore, one of which forms a hill 2,000 feet in 
length, 400 feet broad, and 40 feet in height. 

Two samples of the ore were analysed by Ure (1827 — 2), who 
reported that they contained 60*55 per cent, and 60*2 per cent, of 
iron respectively, with traces of phosphate of lime (B. 415). 
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Toungoo. — According to Theobald (1763 — 19, 91), thick beds of 
lateritic iron ore, consisting of a mixture of the protoxide and 
peroxide, occur along the base of the hills to the E. of the Sittang: 
R. These deposits were described by Fryar (625 — 6), who states 
that they are specially abundant between Yondaing (18^^ 0' : 96®' 
54') and Thanzeik (18° 4' : 96° 53'). 

CENTRAL INDIA AGENCY. 


Bijawar. — A general description of the mode of occiurrence of 
iron ore in Bundelkhand has been given, by Medlicott (1197 — 2, 44, 
81). Two varieties of ore are worked. The more important is a 
massive red hematite occurring in bands of clay at the top of the 
Bijawar series. The other is of lateritic origin, and is said to be of 
inferior quality, and not sufficiently abundant to be worked on a 
large scale (B, 393). 


iron ore has been worked : — 


mentions two localities where 


N. E. of Bhaxjrikhera (22° 22' 30" : 76° 27'). The ore is;^ 
said to be very rich, occurring close to a fault line 
between the Vindhyans and Bijawars. 

S. E. of Jhirpania (22° 29' 30" : 76° 23' .30"). Surface 
deposits in the Bijawars. 

Gwalior. — Bagh (22° 22' : 74° 51'). Extensive quarries of iro» 
ore are mentioned by Oldham (1326 — 18, 119) as having been 
formerly worked in this neighbourhood. The ore is a light yellow 
hematite, occurring, according to Blackwell (139, 4), as a vein 
from 10 to' 15 feet in thickness in sandstones. The yield is said, 
to be about 35 per cent, Be, 

Par Hill (26° 2' 30" : 78° 6'). Iron ore was formerly worked 
on a somewhat extensive scale at this and other localities in the 
neighbourhood. The mode of occurrence has been described by 
Hacket (730 — i, 41). The ore consists of hematite, occurring as- 
thin laminae in variegated clays resulting from the decomposition 
of jaspideous shales, forming the lower portion of the Morar group,, 
or upper member of the Gwalior series. Layers of hematite occur 
throughout the whole formation, the thickness of which amounts to- 
about 2,000 feet ; but it is only in pla,pes where the silica has been 
dissolved away that the ore is workable. Mines were also worked 
at Mangor (26° 5' 30": 78° 6' 30") and Santow (26° 6' : 78° 11' 
30"), and to a smaller extent at intermediate places. In all cases, 
the ore occurs under the same conditions as at Par hill. 
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A series of samples from various localities, analysed by Schwarz, 
gave an average yield of 66 per cent. Fe. (B. 394), 

Indore.— Bose (173—5, 65, 67) mentions occurrences of iron ore 
at the following localities : — 

Babwai (22® 15' : 76® ^'). The ore occurs in Bijawar breccia, 
in a band 10 to 12 feet thick. Picked samples yielded 35 per cent. 
Fe. An abortive attempt was made about the year 1860 to 
establish iron works here under the superintendence of a Swedish 
metallurgist, Mr. Mitander; but when the works had been erected 
and a large quantity of ore had been provided, the enterprise was 
abandoned by Government. The ore was obtained from the fol- 
lowing localities in the neighbourhood : — C hiktimodri (22® 17' : 
76® 10' 30"), Karondia (22® 19' : 76® 7'), Mendikhaira (22® 22' : 
76® 14'), and Nandnia (22® 16' 30" : 76® 4')— (B. 397). 

(Nimawar). — ^Between Bain (22® 25' : 76® 45' 30") and Sendrani 
( 22® 28' : 76® 40' 30"). The ores in this area are said to be 
abundant and rich. They were specially examined in 1907 by 
Sethu Eama Ran {see Holland, 859 — 66, 50). The original rock 
appears to have been a hematitic shale, at the base of the Vind- 
hyans, but ore also occurs lining fissures and hollows in the 
underlying Bijawars, and in the form of nodules and lumps in the 
disintegrated surface rock. 

ihabaa. — ^Iron ore deposits reported to occur at Piplade (22® 
46' : 74® 42'), and on the Sanar E. (22® 48': 74® 42'), were found 
on investigation [see Holland, 859 — 66, 48) to be too small and of 
too low a quality to admit of successful working. 

Panna. — Both lateritic ores and the ferruginous breccia asso- 
ciated with the Bijawar strata occur, as in the adjoining State 
of Bijawar {see Vredenburg, 1854 — 18, 313). Franklin (616 — i, 
*277) alludes to the abundance of the former in the valley of the 
Ken E., but remarks that they were not largely worked. 


Rewah. — ^Iron was formerly manufactured on a large scale from 
hematite obtained from the transition (Bijawar) rocks of the Son 
valley {see Oldham, 1325, 172), but the industry has greatly declined. 
The smelting of iron at Khairahi (24® 5' : 82® 47' 30") in Singrauli 
is mentioned by Roberts (1492, 483) and Smith (1655—2, 94). 
The ore here was derived from coal measure (Damuda) rocks, but is 
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.•said to have been of poor qualitf, not more than 17-5 per cent, of 
iron ^ being extracted by the smelters. 

CENTRAL PROVINCES. 

Statistics of the iron industry in the Central Provinces, compiled 
from reports by the district officials, are given for the year 1898 
in the Agricultural Ledger^ Volume V, No. 17, and for the years 
1904 to 1913 in the Quinquennial Eeviews oi Mineral Production 
■( 861 , 117 ; 862 , 119). The following extracts from these figures, 
giving the number of furnaces at work in the years specified, will 
illustrate the general trend of the industry : — 



District. 



1898. 

1904. 

1909. 

1913. 

BalagUat . 

. 

. . 

• 

, , 

8 

4 

, , 

Bhandara . 




14 

. . 

. . 

. . 

Bilaspur . 




* . 

. . 

103 

99 

Chanda . 




23 

41 

9 

20 

Damoh . 




1 

• . 

. , 

. . 

Drug 


A 


. . 

, . 

56 

40 

Jubhulporo 




25 

98 

26 

29 

Mandla . 




51 

4G 

65 

49 

Narsinghpur 




25 

8 

4 

. . 

Raipur 




33 

68 

230 

181 

Saugor 

• 

• 


35 

18 

13 

19 



Total 


207 

287 

510 

437 


The quantity of iron ore raised in the Provinces during 1898 
amounted to 3,027 tons, as against 2,387 tons in the preceding year. 
During the quinquennial periods 1904 to 1908, and 1909 to 1913, 
the average annual production remained at about the same level, 
being 2,189 tons and 2,611 tons respectively ; but in 1914 the output 
showed a sudden increase to 18,402 tons, the cause of which is not 
stated in the returns, but is probably connected with . prospecting 
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operations in the Jubbnlpore district. In 1915 the output fell 
again to 4,747 tons. ^ 

Bastar. — Bose has recorded the existence of rich and extensive 
deposits of iron ore in the Antagar tahsil (see Griesbach, 708 — 31 , 
38). Two localities are specially mentioned : — 

Hurteli (19° 56' 30" : 81° 7' 30"). The ore is due to the 
lateiitisation of bands of hematite-Kluartzite. 

Topal (20° 8' 30" : 81° 13'). The ore appears to be the 
product of decomposition of a dense dioritic rock. 

Chanda. — A sola (20° 13' : 79° 63'), Datta (424—6) reports a 
lode of hematite lying about a mile to N. W. of the village, traceable 
at the surface for about 400 yards, and with an average thickness 
of 30 to 40 feet. Analysis : — Fe=65’99 : Si02=3*89 per cent. 
This lode is referred to by Haslop (843, 380) and Hughes (888 — 20, 
110) as the Gunjwahi deposit. 

Bissi (20° 38' : 79° 28'). Hughes (888—12, 78) records a lode, 
containing hematite and magnetic oxide of iron, about a mile 
directly E. of the village. 

Chamotosi (19° 66' 30": 79° 57').. Iron ore was observed by 
Datta (see Hayden, 793 — 24 , 71) in the quartz hills to the S. E, 
The quantity available is unknown. 

Dewaloaon (20° 23' : 80° 3'). Hislop'in 1855 (843, 380) called 
attention to the abundance of iron ore at this locality. Ehandesh- 
war hill, a crag 250 feet in height, to the S. E. of the village, is said 
to consist almost entirely of ore, but Datta (424 — 6, 310) found that 
the bulk of the rock is only slightly ferruginous. 

Two lodes of hematite were discovered by Datta (I c.) close to 
the village : — 

(1) 100 yards to N. W. Exposed portion of lode 256 feet 

long, 4 feet 6 inches to 9 feet 6 inches thick. Ana- 
lysis : — re=:61*2 : SiO2=ll-04 per cent. 

(2) 400 yards to S. by E. Visible portion of lode 300 yards 

long, average width 20 feet. Analysis : — Fe=67-76 : 

SiO2=l-50 per cent. 

Lohara (20° 24' : 79° 47' 30"). As described by Hughes (888 
— 12), the iron ore forms a hill three eighths of a mile in length, 
200 yards in breadth, and 120 feet in height. The lode has been 
traced by Datta (424 — 6) southwards for a distance of about 2| 
miles, appearing to die out about a mile to the S. of Aliwahi (20° 
22' 30" : 79° 45'), and consists of hematite-quartz-rock, occasion- 

254 



IRON, 


ally so siliceous as to be valueless as an ore. The amount available 
is said to be very large. Analysis by Forbes (597) : — ^Fe=69*208 : 
P=0-006: 8=0-012: Si02=0-823 per cent. 

PiPALOAON (20° 32' 30" : 79° 33'), An excessively fine mass of red 
hematite, resembling the ore at Lohara, is recorded by Hughes 
(888 — 12, 78) as occurring at about three quarters of a mile to the E. 
of the village. Analysis by Ness (1288 — 3) Fe=71-05 : Si02== 
4-5 per cent., vdth traces of phosphorus and sulphur. 

Poser (19° 56' : 80° 12'). A band of hematite was traced by 
Datta (see Hayden 793 — 24, 71) for a distance of 276 yards, with an 
average thickness of about 20 feet. The ore contains 69*8 per cent. 
Fe. 

Eatnapur (20° 21' : 79° 37' 30"). Hughes records (888 — 12, 
78) a very rich lode of brown iron ore, in places 40 or 60 feet wide. 
Analysis by Ness (1288—3) : — ^Fe=49-7 : insoluble matter =26-0 per 
cent. 

WiNGNUR (19° 46' 30" : 80° 15' 30"). Lodes of iron ore were 
observed by Datta (see Hayden, 793 — 24 , 71) in the range extend- 
ing from this locality to Emagarh (19° 42' : 80° 32'). The amount 
available is not known. 

Yemlapali (19° 7' : 79"’ 64'). According to King (987—23, 
197), brown and red hematite occur in abundance in the sandstones 
of the Chikiala group, in the valley of the Pranhita E. It is smelted 
to a limited extent at many places along the edge of the outcrop, 
especially at Yemlapali on the Pranhita. The furnace in use and 
process of smelting are described. 

In the year 1875, Ness (1288—3 ; —4) described the results 
of practical experiments made at Warora in smelting iron ore from 
Lohara and Eatnapur with Warora coal. Two trials were made, 
lasting for 4 and 5 days respectively, but in neither of them was the 
iron reduced to a liquid condition ; though it is stated that the heat 
developed was sufficient to melt the fire-brick lining of the hearth 
(see also Hughes, 888—20, 141). The results of these experiments 
were afterwards discussed by Hackney (731), who agreed with Ness 
that the failure was due to the soft and impure character of the coal 
employed (B. 387). 

Finally, Schwarz (1594 — 2) reported on the ores of Lohara and 
Pipalgaon, with a view to the establishment of iron works on a large 
scale in the neighbourhood. It was proposed to use charcoal as fuel, 
and it was thought that, with proper conservation of the forests, 
an output of 25,000 tons of iron per annum might be provided for 
in the first instance. Dtjbgapur, on the Erai E., was suggested as 
a suitable site for the erection of the works. 
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Drug* — In tlie year 1887, Bose (173 — '?) gave an account o£ 
the iron ores in the western portion of the Eaipur district, since- 
included in the district of Drug, The principal deposits were found in 
the following areas : — 

Daundi-Lohara Zemindari. 

Dhalli Eajhara (20° 34' : 81° 6'). These are the most im- 
portant deposits in the district, consisting of bands of hematite 
developed in thin-bedded Chilpi (Dharwarian) sandstones, and extend- 
ing for a total distance of about 20 miles. They have recently been 
examined by Weld (1911) on behalf of the Tata Iron and Steel Co.. 
The purer ores occur in the form of lenticular masses or bodies at 
two horijzons ; those in the lower band being from 2,000 to 3,000 
feet in length and 100 feet or so in thickness; while those in the 
upper band are comparatively small. The largest mass, forming 
the crest of Eajhara hill, was proved by boring, and estimated to^ 
contain 10 million tons of ore. Average results of analyses,— 
Surface samples : — ^Fe==66*35 : P=0*058 : S=0*108 : Si02 = 1*44 : 
Mn=0-161 per cent. Core samples^: — ^Fe=68*66 : P=0'064 : S= 

0*071 : Si02=0*71 : Mn=0‘176 per cent. 

Gandai Zemindari. 

Magarkund (?). Iron is smelted from nodules of hematite 
derived from ferruginous Chilpi sandstone. 

Kairagarh Feudatory State. 

In the hilly western portion of the State there is an abundance 
of iron ore, both lateritic, and hematite occurring in Chilpi sand- 
stone. The ores are worked at Borla (21° 21' 30" : 80° 50' 30"),. 
EI^tulkassa (21° 20' : 80° 48' 30"), etc. 

Nandgaon Feudatory State. 

Lateritic ore occurs over an area of 8 square miles in the neigh- 
bourhood of JuRLAKHAR (21° 30' : 80° 48'). 

Thakurtola Zemindari. 

At Chutrala (21° 34' 30" : 8()° 56') iron ore occurs under the 
same conditions as at Magarkund in Gandai. Lateritic ores are 
worked at Kumi (21° 35' : 80° 52') and Bas-\ntapur, 

Worarband. 

Iron ore occurs in lateritic deposits to the W. of Worar (21° 4' i 
80° 63' 30"), but has not been utilised. 
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Hoshangabad see Nimar hehw. 

Jubbulpore. — The iron ores of Jnbbulpoxe are confined to the 
north-eastern portion of the districtj where they are developed in 
connection with a belt of Bijawar (Dharwarian) rocks surveyed 
in 1871 by Hacket {see Oldham, 1326 — 7i, 9), who gave the name of 
' Lora group ^ to the principal iron-bearing strata. The ores were 
subsequently classified by Mallet (1159 — 36) as (1), Bijawar ores, 
consisting mainly of micaceous, siliceous, and manganiferous hematite 
with some limonite ; and (2), Lateritic ores, consisting mainly of 
pisolitic limonite, with a smaller proportion of hematite. To these 
Fermor (577 — 33, 269) has added a third, or Lateritoid, group,, 
formed by secondary replacement along the outcrop of the Dharwar 
rocks. The Dharwar ores are chiefly developed in the pargana of 
Khumbi, to the E. and S. B. of Sihora (23° 29' : 80° 10'), and the- 
lateritic ores in the pargana of Bijeragogarh, in the neighbourhood-, 
of Katni (23° 50': 80° 28')— (B. 384). 

The following are the principal localities mentioned : — 

Agaria (23° 23' : 80° 13'). The ores consist of soft micaceous* 
hematite and harder, schistose hematite, with a thin capping ol* 
laterite, exposed in a hill half a mile to tho S. of the village. The 
total quantity of ore available was estimated by Mallet (1169 — 36, 
97) at about 14 million tons ; but this estimate has been enormously . 
reduced by Martin and Louis ( 1179 ), who reported that the ore 
forming the bulk of the hill is not suitable for blast furnaces, and 
that the laterite capping might supply about 760,000 tons of ore, 
containing 45-67 to 68-58 per cent, of iron. Analyses of the ores 
gave the following average result, — Lateritic ores (3 ' samples) : — 
Fe==53-37 : P=0-14C : S=0-02 : Si02— 9-78 per cent. Hematite 
schists (2 samples) : — Fe=59-55 : P=0-078 : S==6-02 : Si02— 7-92 per 
cent. 

A band of hematite schist, 4 to 5 feet thick, forming the crest 
of a ridge running westwards from Agaria hill, was also examined 
by Martin and Louis. Analysis : — Fe=50-07 ; P=0-074 : S— 0-036 : 
Si02=ll'37 per cent. 

Bijoni (23° 48' ; 80° 34'). Several sections of the* laterite at 
this locality and in the neighbourhood are given by Mallet (1159 — 
36, 104). The ore, pisolitic limonite, occurs in thin inconstant 
bands at a depth of 2 to 3 feet below the surface. The average 
aggregate thickness of ore, measured in 8 pits, was 3 feet 9 inches. 
Two samples yielded on analysis 56-84 and 60-20 per cent, of iron 
respectively, with 1-29 and 7-94 per cent, of insoluble matter. 

267 



XRONT. 


Dhaeampur-Gosalpur (23° 24' : 80° 7'). Bose (173—9, 73) lias 
given details of a number of trench sections at these localities, 
showing nximerons bands of micaceous and manganiferous hematite. 
The total apparent thickness of ore amounts in places to 50 feet, 
according to Mallet (1159 — 36, 102), but the ores are of a lateritoid 
character, and do not continue in depth. A sample from Gosal- 
pur yielded 57*10 per cent. Fe, and 1*69 per cent. P2O5. 

Ghogra (23° 29' : 80° 15'). The ore here is a micaceous, man- 
ganifexous and siliceous hematite, containing 46*43 per cent. Fe, 
12-26 per cent. Mn, and 9*35 per cent, of insoluble matter. It is 
said to produce a steely iron, used in making edged tools (Mallet, 
1159—36, 101). 

Imalia (23° 46' 30" : 80° 26'). Pisolitic limonite, of the same 
description as the Bijori ore, is quarried here and at other localities 
between this place and Katni (Mallet, 1159 — 36, 107). Two samples 
contained 54*47 and 62*66 per cent. Fe respectively. 

Jaxjli (23° 23' 30" : 80° 17' 30"). Mallet (1159—36, 99) des- 
cribes, the ore as a semi-ochreous hematite interbanded with quart- 
zose layers, with a total thickness of about 160 feet. A large amount 
of the ore has been (Quarried for use as paint. Martin and Louis 
(1179) did not consider the deposit workable as a source of ore under 
modern conditions. Four picked samples gave the following average 
result on analysis : — Pe=60*01 : P=0*096 : S=0*030 : Si02 10*11 per 
cent. 

Kanhwara Hills (23° 55' 30": 80° 30'). Lateritic ores,~ 
pisolitic limonite, — occur over an area of at least 2J square miles, 
.according to Mallet (1159 — 36, 108). There are three bands of ore 
from 2 feet to 2 feet 6 inches thick, and the total quantity available 
is estimated at 49 million tons. A sample from the uppermost 
;seain yielded 57*52 per cent. Fe, and 0*76 per cent. P2O5. 

Lora Hill (23° 30' : 80° 13'). Mallet (1159 — 36, 100) describes 
this range of hills as consisting mainly .of ferruginous siliceous 
schist, composed of alternating layers of micaceous hematite and 
quartz. The greater proportion of the rock is too siliceous to be of 
value as ore. 

Saroli (23° 24' : 80° 15' 30"). Two low hillocks to the S. of 
the village are composed, the one wholly, the other partly of schis- 
tose and micaceous hematite. Mallet (1159 — 36, 98) estimated the 
total quantity of ore available at 3|- million tons; but as the ore is 
believed to occur on the same horizon as that at Agaria, it is pro- 
bably equally unsuited for modern requirements. Two samples 
yielded 64*65 and 68*02 per cent. Fe respectively. 
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SiLONDi (23° 30' : 80° 10'). Martin and Louis (1179) noted 
two bands of siUceons iLematite, 40 feet and 20 feet thiclc respectively, 
at this place, wbich is close to Sitora railway station. Samples 
yielded from 44-95 to 62-15 per cent. Fe. Tbe deposits were con- 
sidered to be valueless under present conditions. 

The native methods of smelting have been described by Bose, 
(173 — 9, 87)^ Holes ( 858 ; — l; — 2), and Wynne ( 1977 ). Fernandez 
( 579 ) has given an account of experiments in iron smelting with a 
native furnace carried out during the rains, and with the addition 
of a flux. The feasibility of carrying on the operations throughout 
the year was demonstrated, but it is said that the use of a flux did 
not increase the output of iron. 

Murwara, near iCatni, was recommended by Mallet (1159 — 36, 
115) as a site for the establishment of iron works. 

Narsinghpur. — O marpani or Tendukhbra (23° 10' 30" : 78° 56'). 
The excellent quality of the iron manufactured at this locality 
attracted a considerable amount of attention between the years 
1855 and 1857, when the mode of occurrence of the ore, and the 
native methods of smelting were described by Jacob (923 — 2, 47), 
Winscom {see Balfour, 69 — 2, 207), Medlicott (1199 — i, 24), and 
Blackwell ( 139 ). At that time 70 or 80 furnaces were at work at 
Tendukhera, with an output of about 140 tons annually ; but 
Bartlett ( 81 ) states that in 1898 the number had declined to 7, jand 
according to the latest returns the industry has completely died out. 

The ore was mined at Omarpani, 2 miles from Tendukhera, and 
consists, according to Medlicott, of hard, earthy, red and brown 
hematite, with occasional , masses of specular ore, irregularly dis- 
tributed in fissures and hollows among Bijawar limestones and 
quartzites. No estimate of the quantity available has been made. 
Medlicott attributes the superior quality of the iron produced to the 
fact that the ore is slightly calcareous. The yield is said to have 
been about 40 per cent. 

Steel was produced, according to an unpublished report by Frank- 
lin, by reheating and hammering the crude metal eight times. After 
the third operation, the heated metal was rolled in burnt cowdung 
before being hammered, and finally, when red hot, was plunged 
into water (B, 385). 

Nimar. — The occurrences of iron ore in the northern portion of 
the Nimar and Hoshangabad districts, along the valley of the 
Narbada E., have been described by Jacob (923 — i ; — 2), Medlicott 
(1199 — 1, 24), Blackwell ( 139 ), and Oldham (quoted by Medlicott, 
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1199 — 3 , 271). Tlie ores worked were almost invariaWy hematite, 
obtained from breccias occurring in the Bijawar series near their 
junction with the Vindhyans, or from surface accumulations of 
debris formed by the disintegration of the same rocks. Bose 
(173 — 5 , 64) has given a list of the principal localities where the 
ores were worked ; — 

Basnia, 3 miles E. of the Chota Tawa R. L superficial deposit. 

Billora (22° 14' : 76° 8' 30"). Ore occurs in metamorphic 
schists, IJ mile to E. of village. It is too poor in quality to be 
worked with profit. 

Chandgarh (22° 15' 30" : 76° 40' 30"). Apparently a surface 
deposit, close to the base of the Vindhyan sandstones. Jacob 
gives the yield as 63-4 per cent. Ee. 

Kajberi (22° 22' : 76° 59'). In Bijawar breccia, close to the. 
boundary line with the metamorphic rocks. 

Between Khudia (22° 14' : 76° 47') and Mohla (22° 16' : 76° 46')., 
In Bijawar Breccia. 

Kotra, near Bijalpur (22° 12' 30" : 76° 41'). A vein in situ 
at the junction of the Bijawars with Vindhyan sandstones. 

Matni (22° 16' : 76° 37'). The ore is said to be very rich, 
occurring in Bijawar breccia. 

Nandana (22° 21' : 76° 43'). In Bijawar breccia. The ore is 
said to be poor. 

ISTimkhera or Lemekhaira (22° 18' : 76° 58'). Ore similar to 
that of Barwai in Indore ; said to occur in large quantities. 

Sontalai (22° 21' : 76° 56'). Nicholls (1299) has described an 
occurrence of iron ore, formerly worked, about 2| miles "W. of the 
village. The deposit was apparently of limited extent. 

Raigarli. — ^In the Rampur (Raigarh-Hingir) coal field, Ball (71 — 
21, 107, 120) noted the occurrence of zones of ironstone at two 
horizons in the Barakar group. These ores are most abundant in 
the neighbourhood of Kodaloi (21° 47' 30" : 83° 63'), and were 
largely used by the native smelters. The quality is said to be good, 
but no analyses were made (B, 381). 

Saugor.— Hirai^ur (24° 22': 79° 16'). The process of iron 
smelting at this locality has been described by Oldfield (1322). The 
ore was obtained from lateritic deposits associated with Bijawar 
rocks, and is said to be abundant. 

Hill (19° 51' 30" : 79° 8'). la 1870 Oldham 
( 1326 — 62 ) publislied analyses of specimens of iron ore from the 
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Wun area, showing an average proportion of 56 per cent. Fe. He 
refers also to the existence of bands of conglomerate in the Vindhyan 
rocks of Yanak hill, containing pebbles of hematite yielding 68-6 per 
cent. Fe. Hughes (888 — 20, 111), however, considered these bands, 
to be of little value as a source of ore. 


HYDERABAD. 

Bilgrami (126) has given a sketch of the geology of the Nizam’s- 
dominions, followed by a general description of the iron ore re- 
sources and of the native process of manufacture. The ore com- 
monly used is magnetite, occurring in granules disseminated through 
granitoid gneiss, schist, or sandstone, and is either separated by 
winnowing from the disintegrated rock, or collected from the sands 
of rivers. It contains on the average about 66 per cent. Fe. Late- 
ritic iron ore also occurs in large quantities, but is only used to a 
limited extent. The richest varieties contain about 46 per cent. 
Fe. 


Bidar. — Iron was formerly smelted on a small scale from nodules 
of hematite occurring in lateritic deposits, which cover a wide area 
to the S. of Kaliant (17® 63' : 77® O'). Furnaces were seen at work 
by Newbold (1294 — 32, 998) at Makbi and Boohiri, on the road to 
Gulbarga. The ore was crushed and roasted before being smelted. 
The output of each furnace was about 641b. of iron a day. 

!\izainabad. — KoNASAMODRAT^t (18® 44' : 78® 35') is said to have 
been one of the localities where the steel used in the manufacture 
of the famous Damascus sword blades was made. The process has 
been described by Voysey (185S — 6), who witnessed it in operation 
in 1820, when the place was still visited by Persian traders for the 
purpose of purchasing the steel. Two kinds of iron were used, — one 
smelted from magnetic sand obtained at Mirtapallt (?) ; the other 
from lateritic ore brought from Kondapur (18® 30' : 78® 30'). These 
were smelted together in crucibles, in the proportion of 3 to 2, with 
fragments of glass slag. The mixture w'as subjected to a very high 
temperature for 24 hours, after which the cakes of steel, each weigh- 
ing about l|lb., were covered with clay and annealed in the furnace 
for 15 or 16 hours, the process being repeated if necessary. Steel 
was also manufactured in a similar manner at Dimdueti (? Df.ma- 
TiiooRTV, 19® 5' : 78® 38') from magnetite granules disseminated 
through gneiss and hornblende schist. According to Malcolmson 
(1158—7, 106 ; — 8, 546), the ore was obtained by pulverising and 
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wasMng the rock, the harder portions being previously roasted 
(B. 358). . 


Baicliiir. — ^Newbold (1894—23, 932) has noted the existence of a 
band of hematite, formerly smelted by the Hindus, in the Jiaddigudd 
hills to the S. E. of Tawurugiri (15° 46' : 76° 28'). Foote (596 
— 12, 51) also alludes to the presence of beds of very rich hematite 
schist in these hills. The industry had died out owing to the lack 
of fuel. 

Warangal. — ‘Walker (1868—1, 390 ; — 3, 725; —4, 222, — 6; 
182) has described the iron resources of the eastern districts of 
Hyderabad. The ores used were mainly derived from lateritic 
deposits, especially where these rested on trap. Extensive smelt- 
ing is said to have been carried on in the parganas of Kollur and 
Anantagiri (B. 359). 

Pkdda Gopatti (17° 10' 30" : 80° 19'). The occurrence of beds of 
fairly rich magnetic iron ore, associated with hornblendic schist, was 
noted by Foote (596 — 28 , 17). The ferruginous beds form two low 
ridges, extending for a considerable distance to the southward. 
The ore does not appear to have been mined. 

SiNGARENi (17° 31' : 80° 19' 30"). In the same paper (596—28, 
19) Foote calls attention to the existence of a large and important 
bed of magnetic iron ore near the southern boundary of the 
Singareni coal field. The outcrop of the ore was traced for a 
distance of about 3 miles, forming a ridge estimated at 150 to 
300 feet in height. The ore is said to be very rich in quality. 


KASHMIR. 

Iron ore was formerly worked on a somewhat extensive scale 
between the villages of Soap or Soe (33° 37' : 76° 21' 30") and 
Kothair (33° 40' ; 75° 19'), where its mode of occurrence has been 
described by Vigne (1846—4, Vol. I, 337) and Verch^re (1839—2, 
186). In 1888, when the locality was visited by La Touche (1034 
— 14, 68), the industry was almost extinct. The ore is an impure 
calcareous limonite, occurring in layers from a few inches to *2 feet 
in thickness among shales and limestones of upper Triassic age. 
The workings consist of burrows, barely large enough to admit the 
passage of a man extended at full length, driven along the dip at 
frequent intervals to a depth of 30 or 40 yards. 

Jammu. — Iron ore has been extensively mined, according to 
Medlicott (1197 — 41 , 54), from a band of siliceous breccia occurring 
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at the top of the ‘ Great Limestone ’ series in the Sangak Maro 
coal field (33° 12' : 74° 41'). The ore is a cellular limonite, forming 
the matrix of the breccia, and has probably been derived by in- 
filtration from the overlying nmnmulitic beds. 

MADRAS. 

In 1858 Balfour (69—2) compiled a detailed rejjort on the iron 
resources of the Madras Presidency, from -which the following parti- 
culars of the state of the industry in the various districts are abs- 
tracted : — 

Arcot (N.), p. 13. Accounts by Heyne (834—2, 189), Bour- 
dillon, and Brooke are quoted. Magnetic sand collected in the 
streams is chiefly used. Ironstone is mined at Sannamalai hill, 
in the Arni Taluk, and in PoLuii. About 200 furnaces -were in 
operation. Tiie outturn of each was about 7 cwt. annually. 

Arcot (S.), p. 35. The ores are found in small patches close to 
the surface. A list of villages where iron is smelted is given. 

Rcllary, p. 40. Iron sand and lateiitic ores are both used. The 
yield of malleable iron is about 33 per cent. A list of ore localities 
and furnaces is appended, and the operation of smelting is described. 
The annual production of iron is said to bo about 570 tons. 

Chinglepnt, p. 63. Magnetic iron ore is said to. exist in great 
abundance, but smelting is not actively carried on. 

Coimbatore, p. 65. Magnetic sand is used. Malleable iron and a 
variety approaching steel in hardness are produced, the latter spe- 
cially at Palghat (10° 45' : 76° 43'). 

Cuddapah, p. 67. Iron sand, said to yield about 60 per cent. Fe, 
is smelted at Eamia?ullem(?). Lateritic ores, yielding about 33 
per cent. Fe, are used in other localities. 

Oanjam, p. 75. A poor variety of lateritic ore, yielding only 
14 per cent. Fe, is smelted at Q-umsur (19° 50' 30" : 84° 41'). 

Godavari, p. 191. Accounts by Heyne (834 — 2, 218, 224) are 
quoted. The ore is obtained from a bed of lateritic gravel, not 
more than 18 inches in thickness, immediately beneath the surface. 
The industry had become extinct. 

Guntur, p. 77. Lateritic ore is quarried in the Datchapalli, 
limerkota, and Narasaraopot Taluks. Twenty-seven furnaces wei-e 
at work, -with an annual outturn of about 2 tons. A description of 
the furnace and process of smelting is given. 

Kistna, p. 124. Lateritic ores exist in some quantity, but are 
not largely used. The yield is about 25 per cent, of crude iron. 

Kurnool, p. 101. Lateritic ores are said to occur in extreme 
abundance throughout the district. 

263 




iRoir. 


Madura, p. 117. A report by Muzzy (1278, 101) is quoted. 
Iron sand and lateritic ores are widely diffused. A list of villages 
and of furnaces in eacli is given. 

Malabar, p. 102. Accounts by Buclianan-Hamilton ( 222 — l, 
VoL II, 437) and Conolly are quoted. Lateritic ores, yielding about 
25 per cent, of crude iron, are used. 

Nellore, p. 182. Lateritic ores are used, but are not widely 
-distributed. Iron is smelted at 14 villages in the Udayagiri Taluk. 
The annual output is about 56 tons. 

?iilgiri, p. 175. Observations made by Benza (110 — 3, 249) are 
quoted. Thick beds of magnetite, interstratified with quartz, are 
said to occur near Kotaoiri (11° 24' 30" : 76° 66'), and large masses 
of hematite in the valley of the Moyar R. 

. Salem, p. 197. The account is compiled from various sources 
{see Leschenault de la Tour, 1062 — i, 344 ; Prinsep, 1436 — ll ; 
Heath, 799—3 ; Campbell, 272 — 8 ; and Newbold, 1294 — 4=6, 763), 
and describes the .processes of iron smelting and of manufacturing 
wootz or steel. The ores used are hematite and magnetic iron sand 
obtained from the river beds. A list of the villages where iron ore 
is mined and smelted is given. 

South Ranara, p. 60. Lateritic ore, broken into small pieces, is 
used. The furnace is merely a cavity in the ground. The yield is 
about 33 per cent. Fe. The island of Baswaraj Drug (14° 19' : 
74° 27' 30") is mentioned as the principal locality. 

Tinnevcily, p. 216. Magnetic iron sand collected from the 
■streams at the foot of the hills is used. About 70 furnaces were at 
work, with an annual outturn of about 230 tons. 

Travancore, p. 224. Lateritic ore and iron sand are both used. 
At Shenkotta (? 8° 12' : 77° 26') about 130 tons of crude iron 
were produced annually. In an experiment with ore from Udagiri 
(8° 14' 30" : 77° 24') the yield was about 45 per cent, of good iron. 

Vizagapatam, p. 229, Iron is manufactured to a limited extent 
in the hill tracts from lateritic ores, and a fine quality of steel is 
made. The yield varies from 17 to 25 per cent, of metal. 

The following papers also deal generally with the iron industry 
of southern India : — 

•1843. Campbell (272 — 16). Discusses the possibility of estab- 

lishing iron works on a large scale. 

1857. Sowerby (1679 — 6). Gives a list of the iron o?res of the 

Presidency, with remarks on their qualities. 

1892. Holland (859 — ll). Describes the nature and distri- 
bution of the iron ores in the southern districts of the 
Presidency ; discusses the question of fuel supply ; 
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and describes the native processes of iron and steel 
manufacture. 

The following particulars are derived from reports published 
since the compilation of Balfour’s work, and dealing with special 
.areas : — 

Arcot (N.) Holland (859 — ii, 7) mentions the occurrence of beds 
of magnetic iron ore to the S. of Gxtdyatam (12° 57' : 78° 66'), and 

miles to the W. of Vellore railway station (12° 55' : 79° 11' 30"). 

Arcot (S.) Particulars of a large number of exposures of magne- 
tite in the eastern and northern portion of the Kalrayanmalai are 
given by King and Foote (988, 291). The most important beds 
were observed in the neighbourhood of Sankaeaparam (11° 63' : 
78° 58' 30"), Chinna Tieupadi (11° 43' : 78° 61' 30"), and Madur 
•HILL (11° 45' : 78° 46' 30"). 

In 1830 iron works on a considerable scale were established at 
Porto Novo (11° 30' : 79° 49') by Mr. J. M. Heath, and were subse- 
quently carried on by the Porto Novo Steel and Iron Co. and the 
East Indian Iron Co. The latter Company also erected a blast 
■furnace at Tiruvannamalai (12° 14' ; 79° 8'). Although a large 
portion of the iron produced was exported to England, to be used in 
the manufacture of steel, the enterprise never met with financial 
success, and was finally abandoned in 1867. Detailed accounts of 
the operations of the Companies have been published by Garstin 
(686, 441) and Maylor (1194 — 2) — (B. 349). 

Bellary. — Foote (596 — 34 , 25 ; — 39 , Chap. V) has described 
the occurrence of numerous bands of siliceous hematite in the 
Sandue hills, to the west of Bellaey (15° 9' : 76° 69'), and on the 
•Mallapan Ghdda (14° 55' ; 76° 2'). 'The richest mass of ore was 
observed half a mile to the S. of Kammakaravu (16° 1' : 76° 40' 30"), 
forming the crest of a ridge 150 ft. in height ; but the softer varie- 
ties of ore were preferred by the native smelters at Kannevihalli 
(15° 3' : 76° 34'). 

Chingloput. — A bed of magnetic iron ore, about 3ft. thick, is 
■ mentioned by Holland (859 — ll, 7) as occurring about a mile to the 
S. of the Sub-Collector’s bungalow at Chingleput (12° 42' : 80° 2'). 

Coimbatore. — Thomas (1766) gives a list of the localities where 
iron sand, which is the ore commonly used, is collected. Aceprding 
to Holland (859 — ii, 7), magnetite of good quality is said to occur 
in the Kollegal Taluk, and a very rich bed in the Doddancomhai 
.forest, in the Satyamangalam Taluk. 
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Cuddapah. — According to notes by C. M. Oldham, quoted by 
Bang (987 — 7 , 280), bands of arenaceous hematite occurring in the 
Cuddapah series are worked in the neighbourhood of Yeragunt- 
LAKOTA (13° 58' : 79° 20') and Chintakunta (13° 44' : 79° 

14'). The ore is brought from the eastern slopes of the hills 
between these places, and is said to be tolerably rich, yielding 
from 25 to 33 per cent, of crude iron. An account of the iron 
industry in 'the district is also given by Gribble (707—1, 26). 

Godavari. — Blanford (148 — 30, 114) mentions the existence of 
large quantities of magnetic iron ore, occurring in laminae with 
quartz, in the metamorphic rocks to the S. of Polavaram (17° 15' : 
81° 42'). The ore was smelted on a very small scale. 

Kistna. — Concretions of clay ironstone occur in abundance, ac- 
cording to King (987 — 18, 255), in the sandstones of the Golapilli, 
Tripati, and Rajamahendri groups, to the W. of Rajamahendri. 
Iron was smelted in the neighbourhood of Ramakapeta (16° 53' 
30" : 80° 56'), Kombra (16° 58' : 81° 20' 30"), and Pentlam (16® 
53' : 81° 30' 30"). The process employed is fully described, and 
an elaborate account by Heyne (834 — 2, 218), who witnessed the 
operation at the village of Latchmipuram (17° 1' 30" : 81° 22'), is 
quoted (B. 358). 

HurnooL — Iron ore, in the form of layers, veins, and nests of 
hematite, is freely distributed among the rocks of the Cuddapah and 
Kurnool series, according to King (987 — 7 , 277), . but has only been 
worked in the former series. The finest occurrence was observed 
in the Gunigal ridge (16° 34' : 78° 5'), where the ore is chiefly deve- 
loped along a number of east- west faults, and is associated with 
quartzites. Bands of highly ferruginous quartzites have also been 
worked along the western slopes of the Nalamalai range betwe:n 
Nandialampbt (14° 43' : 78° 51' 30") in Cuddapah and Nanbial 
(15° 29' : 78° 32'). Smelting was carried on at Roodrar (Rubra- 
VARAM, 15° 14': 78°. 40'), and other villages in the neighbourhood. 
The process of iron making in this tract has been fully described by 
Wall (1875 — 6). The daily outturn of each furnace is said to be 
about 481b. of refined iron (B. 356). 

niatabar. — The gneissose rocks of the Ernad and Walluvanad Taluks 
in south Malabar are occasionally ferruginous. The following localities 
are mentioned by Lake (1025 — 1, 237) and Holland (859 — il, 8) : — 

Hematite-gneiss, IJ-mile to the S. W. of Nilambur (11° 17': 

76° 17'). 
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Garnetiferous rock witk bands of hematite, 6 miles to E.S.E, 
of Wandur (11° 12' : 76° 18') ; and friable ore 9 miles- 
to E. of the same place. 

Bands of ferruginous gneiss, a mile to the S. of Porur (11° 9' 
30" : 76° 19'). 

Hematite gneiss, 2 miles to the S. E. of Yeddakurichi (10° 
57' : 76° 3i' 30"). 

Crystallised magnetite in gneiss was mined near Nbmini (11° 
3' : 76° 16'). 

The furnace in use and process of smelting are fully described by 
Buchanan-Hamilton (222—1, Vol. II, 437) and Holland (8S9— 11, 
16). An account of the process, and of the manufacture of steely 
was also given in the Colliery Guardian (35 — 64) in 1874. 

Iron works were established by the Porto Novo Steel and Iron 
Co. in 1833 at Beypur (11° 10' : 75° 52'), the ore being obtained 
from Peruk, near Beypur, and from Verkella hill near Calicut 
( 11° 15' : 75° !50'). Its occurrence at the latter locality was described 
in 1819 by Babingtou (55, 329), who says that it contains 75 per cent. 
Ee. The works were closed in 1867 (B. 350). 

Analyses of samples of the Malabar ores made at the Imperial 
Institute (see Dunstan, 514 — 7 , 18) gave the following results : — 
Walluvanad ore, Fe= 37-63 : S=0-010 per cent. Wandur ores- 
(average of 3 samples), Pe=49-56 : 8=0-019 per cent. One sample- 
contained 0-14 per cent. P20g. 

NoHorc.— Two important groups of magnetic iron ore have been 
described by Foote (596 — 17, 17) : — 

(1) Onqole group. Four or five bands of ore are exposed in the- 
KoNiJBnu HILLS (15° 26': 80° 2' 30"); at Ongolb (15° 30': 80 °6'' 
30") ; and in Parnambtta hill (15° 32' : 80° 4'). These are pro- 
bably connected with each other beneath the alluvial deposits. The 
two upper bands are said to be the richest. 

(2) Gundlakamma group. Ores ai-e exposed at the folfowing 
localities : — 

Burapalle (15° 41' : 80° 2' 30"). Two thick beds, separated 
by granitoid gneiss, form part of a considerable hill. 

Manikesavaram (15° 45' 30" : 80° 1'). A bed, exposed for 
about a mile, forms a small hill 1^. of the village. 

SiNGARJKONDA (15° 52' : 80° 2'). Five beds, of which three- 
are moderately rich in parts only, form the main* 
ridge of two hills. 

\kmpaeala (15° 54' : 80° O'). Four rather unimportant- 
beds. 
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, A. smaller bed, not connected with, these groups, is exposed on 
the left bank of tiie Manertj R., 3 miles to the S.W. of Sinoara 
Konda (15° 14' : 80° 5' 30"). The bed is exposed for about three 
quarters of a mile, and is said to be moderately rich. 

Several beds of hematite schist were noted in the Chundi" hills, 
to the W. of PoLENANE Cheruvu (16° 12' : 79° 42' 30"). Only one 
•or two of the beds are. said to be rich in quality. 

In the southern portion of the district. King (987 — 17, 142) has 
described the occurrence of numerous bands of quartzose hematite 
in the valley of the Swarn.amxjkhi R., between Tresalmare (13° 51' 
.30" : 79° 66') and Ircola (13° 48' 30" : 80° O'). The beds are said 
to be thick, consisting of lamineo of quaiijz and grey iron ore wea- 
thering into red and brown hematite. 

In the hTellore Manual (174, 63), Boswell gives a list of the loca- 
lities at which iron ore was mined and smelted (B. 358). 

NUgiri. — Fairly rich beds of magnetite and hematite occur among 
the gneissose rocks of the Nilgiri hills. The most important beds 
were observed by Blanford (117 — 3, 219, 248) near Karachola, a 
mile and a half to the W. of EoTAaiRi (11° 24' 30" : 76° 56'), and on a 
spur of Dobabetta (11° 23' : 76° 48') overlooking the Dhobi's 
village. Pixre strings of hematite, interioliated with gneiss, were 
noted at Jackatalla (Wellington, 11° 21' 30" : 76° 51'). Con- 
greve (348 — 2, 242, 249) also remarks upon the varieties of iron 
ore occurring at Ootacamund. 

Piidukotai. — Foote (596 — is, 147) mentions the occurrence of a 
bed of magnetic iron ore in gneiss about a mile to the N.E. of Mal- 
LAMPATTi (10° 36' 30" : 78° 43' 30"). In another report ( 596 — 24 , 
98) he remarks that iron was formerly smelted on a considerable 
scale from lateritic ore at Ayangudi (10° 21' 30" : 79° 2' 30"). 

Salem. — ^Iron ores occur in great abundance in this district, and 
are in fact considered by Holland (859 — li, 9) to be practically in- 
exhaustible. Five principal groups of magnetic iron ore beds have 
been distinguished by King and Foote ( 988 , 279 seq^.) : — 

(1) Godamalai (11° 41' : 78° 25'), p. 280. There are two main 
parallel beds of ore, traced from the western end of the Godamalai 
through Value, Naiamalai, and Manur to the neighbourhood of 
Mondakuli (12° 6' : 78° 41') oh the Ponniar R., a total distance 
of about 35 miles. On the Godamalai itself the main bed has an 
average thickness of between 50 and 100 feet, and forms precipices 
several hundred feet in height. The ore is interlaminated with 
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■quartz, the former occurring in the proportion of three-fifths to five- 
: sixths of the mass. 

The petrology of the Godamalai beds has been studied by Holland 
'(859 — 30 , 111), who shows that both hematite and magnetite are 
present in the ores. 

(2) Thalaimalai-Kolimalai, p. 284. Two series of beds are 
■ exposed at intervals, forming a great curve with its apex to the 
S.W. of Kibambur (11° 12' : 78° 9'). On the southern branch of the 
curve the iron beds appear at a little to the N. of Tattaiyangae- 
PETTAi (11° 7' : 78° 30'), and extend westwards along the northern 
iflanlcs of the Thalaimalai (11° 4' 30" : 78° 23') to the S. of Kirambur. 
On the north-eastern branch they appear at Vellalapatti (11° 20' : 
78° ir), and are lost sight of on the northern spurs of the Kolimalai. 
'The inner series of beds is not well developed on the southern branch 
of the curve, but to the N.E. it contains important beds of ore on 
the E. and N. flanks of Kanavaipatti hill (11° 11' : 78° 12' 30") ; 
■ori the NAiNAM.iLAi spur (11° 19' : 78° 16') ; and on the ridge above 
Pailam (11° 22' 30" : 78° 24'). Further to the N. E. some magnetic 
ore beds exposed at Tammampatti (11° 26' 30" : 78° 33') may belong 
-to this series. 

(3) SiNOAPATTi or SiNGAPURAM (11° 37' 30" : 78° 28'), p. 288. 
Three principal beds of ore are exposed on either side of. a synclinal 
fold, whose axis runs from W. to E. N. E. The greatest visible 
development is on the northern side of the fold. The beds appear 
to die out in the direction of Ettaphe (11° 40' : 78° 32' 30") on the ■ 
Vellar R., but are believed to extend to the N.B. into the Kalrayan- 
malai, in South Axcot. 

(4) Thietamalai (12° 5' : 78° 40'), p. 289. Two great beds of 
ore form the crest of the range, and are probably continued north- 
wards beyond the Ponniar R. The iron smelted from these beds is 
said to bo hold in groat estimation. A bed of ore exposed in a ravine 
to the S. of Taltuki (11° 57' : 78° 35') may belong to this group. 

(5) Kanjamalai (11° 37' : 78° 7'). The ores of this group are 
the most valuable in the district, and arc described in an Appendix 
to tho report (p. 379). Their distribution and geological relations 
have also been described by Holland (859 — 5, 141). The rocks 
composing tho hill are disposed in the form of an elliptical, synclinal 
basin, greatly disturbed to tho N. W. by intrusive dykes of granite, 
basic, and ultrabasic rocks. At least five beds of ore have been 
noted, of which the two lowest are the most important. These 
.measure 50 and nearly 100 feet in thickness respectively, and their 
outcrops form conspicuous terraces surrounding tho hill. The total 
. quantity of ore available is considered to be practically inexhaustible, 
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About the year 1853 a blast furnace was erected by the Easb 
Indian Iron Co. at Palampatti (11° 39' : 77° 49' 30") on the Cauvery, 
in order to work the Kanjamalai ores. The operations have been 
described by Sowerby (1679 — 6, 49). The capacity of the furnace 
was 5 tons a day, and the average yield of metal about 60 per cent. 
In 1903, however, a trial made in London with an average sample of 
the ore, and coal from the Sanctoria seam in Bengal, gave a yield 
of 39 per cent, only {see Dunstan, 514 — 7 , 19), and the ore was pro- 
nounced to be unsuitable for blast furnace purposes. 

In addition to these groups of beds isolated exposures have been 
observed at the following localities 

Attur (11° 35' 30" : 78° 40'). At the southern foot of Attur 
hill. 

Mallikarai (11° 34' : 78° 33'). A small but rich bed. 

Namagiripetta (11° 27' : 78° 20'). A small bed at the south- 
ern base of the Kheddamalai, to the N. of the village- 

Paithurmalai (11° 32' 30" : 78° 37'). Two good beds of ore- 

Analyses of 16 samples from various localities in the district, 
made at the Imperial Institute {see Dunstan, 514 — 7 , 12 ), show that 
in all cases the ores consist of a mixture in various proportions of 
magnetite and hematite. The average results showed : — Pe= 55-07 : 
S—0-028 per cent. Two samples from the Kanjamalai contained 
0-30 and 0-62 per cent, of phosphoric acid respectively. 

The native form of furnace in use, and the process of smelting, 
have been fully described by King and Foote (988, 374) and by 
Holland (869 — il, 17). With regard to the manufacture of stceL 
Holland (859 — 5, 146 ; — li, 20) has shown that the process adopt- 
ed by the natives of Salem is essentially different from that in- 
volved in the making of ^vootz or crucible steel, as practised in Tri- 
chinopoly and other districts of Southern India. The"' Salem pro- 
cess consists in the de-carburisation of globules of cast iron, which 
are melted off in the ordinary process of smelting wrought iron. 
The globules are pounded in a mortar in order to remove adhering 
slag, and are then smelted with charcoal in a small pit dug in the 
ground. De-carburisation is complete in about half an hour. 

Holland (859 — 5, 149) has also discussed the question of fuel 
supply in the Salem district, and has shown that, with efficient manage- 
ment of the reserved forest areas, sufficient timber would be avail- 
able for the manufacture of about 1,500 tons of iron annually. 

Travancorc- — ^Footo (596-- 25, 34) noticed abundant traces of the 
former existence of an iron smelting industry in the neighbourhood 
of Cape Comorin. The ore used was probably magnetic sand. 
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According to the reports of the State Geologists (298, 20, 34, 48) 
no deposits of iron ore of commercial value have yet been dis- 
covered. 

Turner (1819 — i) has given an account of the process of manu- 
facturing steel at XJdagiri (8® 14' 30" : 77° 24'). The iron, pre- 
pared in the ordinary way, is said to have been smelted in crucibles 
with bone ashes, and annealed 15 or 16 times. 

Trichiuopoly* — Blanford (147 — 8 , 216) mentions that ferruginous 
concretions collected from the Utatur and Ariyalur (Cretaceous) 
groups were formerly smelted, but the industry is now extinct (B. 
347). 

Several beds of magnetic iron ore are mentioned by King and 
Foote ( 988 , 295) as occurring in the south-eastern portion of the 
Paohaimalai. These are : — 

(1) A large and generally rich bed stretching along^the southern 
margin of the hills, and disappearing near the saddle connecting 
Yesanai hill (11° 17' 30" ; 78° 51') with the main range. 

(2) A bed of poor ore along the ridge of Yelambalur hill (11° 
16' : 78° 56'). 

(3) A largi and generally rich bed, extending from Sanhapuram 
hill(?) across the Kila Kanavai pass (11° 12' : 78° 52') to the 
northern spur of Sattaramani hill (11° 10' : 78° 61'). 

The manufacture of wootz^ or crucible steel, by the carburisation 
of wrought iron, as practised in the Trichinopoly district, has been 
fully described by Heath (799 — 3 ), Hunter (894 — 18 , 149), and 
Holland (859 — ii, 21). The iron is placed- in crucibles, made of a 
ferruginous clay and charred rice husk, with wood of the Avaram 
tree {Cassia auriculata) and leaves of Oalotro'pis gigantea or Con- 
volviihts hurifolkis, and sealed with clay. The crucibles are ar- 
ranged in the furnace in batches of 25, forming a flat arch, and are 
subjected to a continuous blast for about 2 hours. The steel is 
produced in the form of small conical ingots, each weighing from 8 
to 11 ounces (B. 352). 

The composition and properties of wooiz are discussed in the 
following papers : — 

1795. Pearson (1377). Ascribes its properties to the pre- 
sence of a small proportion of iron oxide, dissolved in 
the mass. 

1805. Mushet (1277). Considers that its properties are due 
to imperfect reduction, and a larger proportion of 
carbon than in cast steel, 
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1818. Stodait (1708). Points out tte suitability of wooiz for' 
tbe manufacture of surgical instruments. 

1819. Faraday (565). States that specimens contain traces of- 
silica and alumina. 

1820. Stodart and Faraday (1709). Describe attempts to imi- 
tate wootz by fusing an alloy of iron and alumina with 
good steel. 

1852. Henry (821). States that no trace of alumina ‘could be 
detected in the specimens analysed. 

1870. Eammelsburg (1455 — i). Gives analyses of wootz^ and. 
discusses its composition. 

1886. L. D'A. J. (916). Gives a brief history of the wootZ' 
industry. 

Vizagapatam. — ^Walker (1872 — 2 , 175) states that iron is smelted, 
at a large number of places in the country occupied by the crys- 
talline schists. Magnetite-quartz schist was found near MoDPoroR 
(18° 46' 30" : 82° 23') ; concretionary limonite near Malsama (19° 1' 
82° 18'); and compact limonite near Bagchtja (19° 2' 30" : 82^ 28" 
30"). The limonites are probably merely superficial formations^, 
from which no great quantity could be obtained. 

A lode of rich brown hematite, forming the matrix of a breccia, 
filling a fissure^in the Kurnool (?) series at Chitra (19° 4' : 82° 30'),, 
is mentioned by Ball (71 — 45 , 360). The ore has been mined for a* 
distance of about a mile. 

Several localities in the neighbourhood of Narainapatam (18° 
52' 30" : 83° 14'), at which iron ore was formerly mined, are men- 
tioned by Vertue (1843, 271). 

An account of the iron industry in 1869 has been given by Car- 
michael (285, 154). Steel of excellent quality is said to be made at 
Madgul (18° 2' : 82° 37'). 


MYSORE. 

The earliest accounts of the iron industry in Mysore were given 
by Buchanan-Hamilton (222—1, Val. ‘ I, 170; and Heyne (834—2, 
44, 358), both of whom described the opeiations of iron and steel 
making in the Bangalore and- Chitaldroog districts. The steel 
{see also C. V. B., 52) was prepared in crucibles, in the same manner 
as in Trichinopoly. The ore used was apparently a mixture of 
magnetic iron sand and lateritic ore. Newbold (1294—44, 649 
refers to the abundance of iron sand in the hilly tract near Severn- 
DRUG (Savandurga, 12° 55' : 77° 21'), and mentions several villages 
in the neighbourhood where smelting was carried on. Clark (321 
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2, 120) mentions tlie occurrence of magnetic and hematitic ores in 
the Baba Budin hills, in the Kadur district (B. 352). 

The iron resources of the province have recently been investi- 
gated by the State Geological Department, and a classification of the 
ores, drawn up by Smeeth, is quoted in the Quinquennial Review of 
Mineral Productions for 1909 — 1913 (862, 115). The observations 
are summarised below : — 

• Cbitaldroog, Shimoga, and Tunikur. — Two papers by Sambasiva 
Iyer (1548 — 5 ; — 7 , 243) contain particulars of the iron industry in 
these districts. The ores are mainly derived from two parallel 
ranges of hills, extending from the neighbourhood of Huliyar (IS*^ 
35' : 76° 36') to the N. N. W. for a distance of over 30 miles. They 
consist of brown hematite, yielding from 25 to 59 per cent, of iron, 
with traces only of sulphur and phosphorus, and 2 to 3 per cent, of 
silica. They are worked in open quarries. The output of the native 
furnaces at Chik Bayalkere (13° 42' : 76° 35') and Dodkitta- 
DAHALLi (13° 56' 30" : 76° 26') is about 7 tons annually. Steel is 
manufactured in- crucibles at Gattihoshalli (13° 59' 30" : 76° 21')^ 
near Talya, in the Chitaldroog district. 

Kadur. — Baba Budin hills. Sampat Iyengar (1549 — 6, 74} 
and Slater (l649 — 9, 64) have described the occurrence of massive 
bands of magnetite and hematite-quartzite in these hills. The 
bands are said to be sometimes more than 600 ft. in thickness, 
and average samples yielded 42 per cent. Pe. Two minor bands 
lying to the B. of Attigxjndi (13° 25' 30" : 75° 48') were found to 
contain 64*54 per cent, Fe. These were traced for a distance of a 
mile and a half, with an average width of 18 ft. 

The iron ores of this region have also been fully described by 
Smeeth (1652 — 17, 58), particularly those occurring in an area 9 or 
10 sq. miles in extent, in the neighbourhood of Virupakshikan 
HILL (13° 30' 30" : 75° 46' W). The quantity available, over an 
area of 3 sq. miles, was estimated at about 25 million tons within 
3 or 4 ft, from the surface, containing between 60 and 65 per centr 
of iron ; and in addition about 60 million tons lying at about 6 to 
7- ft. from the surface, containing from 65 or 58 per cent, of metal. 
The amount of phosphorus ranges from 0*044 to 0*105 per cent.,, 
and sulphur occurs only in small quantities. 

Ubrani (13° 51' : 75° 58' 30"). Slater (1649—5, 23) has noted 
the occurrence of strong bands of magnetic and chrome iron ore in 
diorite among the hills to the W, of Chilanhalli and Ubrani. These 
ores have not been worked, but the iron furnaces at Ubrani are 
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supplied from beds of lateritio hematite found about miles to the 
S.S.W. of the village. Extensive deposits of similar ore were ob- 
served at a mile to the N.N.E. of Shiddarhalli (13° 48' 30" ; 75° 
52'), and to the N.E. of Ganoxjr (13° 51' : 75° 53' 30"). 

Mysore, — M alvalli area. Several outcrops of magnetic iron ore 
in this neighbourhood have been described by Evans (565 — i). The 
principal exposures are : — 

(1) Spur at S. end of hill 6 miles to the S.E. of Maddur (12° 3^' 
,30" : 77° 7'). Ore of good quality, about half a mile in len^h. 

(2) Hill 1 mile to the N.E. of Tippur (12° 30' 30" : 77° 11'). 
Ore of good quality. 

(3) About I mile to the N.E. of Husugur (12° 27' : 77° 12'). 
A line of low hills, containing ore of good quality, formerly smelted 
s-t Husugur. 

(4) Hills to the S.E. of Httllahalli (12° 25' 30" : 77° 12' 30"). 
Important beds of ore. 

(6) Hills E. of the Shtjmsha R. Outcrops extend from a point 
half a mile to the S. of Karalkatti (12° 23' : 77° 17') to the Mal- 
valli-Kankanhalli road near Hxjlalgxtr (12° 25' 30" : 77° 17'). The 
ore is highly magnetic and of excellent quality. 

(6) Outcrops running from a point S, of Chetanhalli (12° 21°' : 
77° 10' 30") in a S.S.E. direction to the left bank of the Cauvery R. 
The beds in places are of great thickness. 

(7) Half a mile to the W. of Gangana Chukki (12° 18' : 77° 13' 
30"). A vein of pure hematite at least half a mile in length, and 
about a foot in average thickness. 

Slater (1649-^8) and Smeeth (1652 — 17, 55) state that the ores 
in this area consist of magnetite-bearing charnockites and granu- 
lites, and would require to be crushed and concentrated before 
smelting. Experiments showed that 2 tons of ore would yield 
about a ton of concentrates containing about 65 per cent. Fe. Ac- 
cording to Smeeth, there would be no difficulty in obtaining a million 
tons of ore. 

Sargur (12° 0' : 76° 27' 30"). Outcrops of iron ore were ob- 
served by Jayaram (937 — 7 , 80), strongly developed in the char- 
nockite series near the village. 

Shimoga. — A list of localities where iron was formerly smelted is 
given by Slater (1649 — 7 , 51). The ores used were derived from 
magnetite-quartzites and from beds of hematite. ’ 
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Xumkur. — Primrose (1431 — 8, 210) has given a description of the 
process of smelting, which is performed in large clay crucibles. 
The ore used is iron sand. 


NEPAL. 

Hodgson (849 — 3, 641) mentions an iron mine at Gonni Kharak(?) 
in the valley of the Arun Kosi R. The output is said to be 
very large. 


NORTH-WEST FRONTIER PROVINCE. 

Bannii. — Iron ore is said to occur in abundance among the hills 
to the S.E. of Bannu (33° 0' : 70° 40'). The metal is worked up at 
Kalabagh into nails, cooking utensils, etc. (Baden-Powell, 60 — i, 
Vol. I, 8). The ore appears to be an earthy hematite (B* 404). 

Bajaur. — Eaverty (1463 — 2, 332) and Oliver (1833 — 1, 5) men- 
tion the occurrence of iron ores in large quantities in the valley 
of the P^^jkora R., especially in Baraul and in the Laspitr 
find Jandawal htlls. The iron is exported to Kabul, where it is said 
to be greatly esteemed. The ore is believed to be magnetic iron 
«and (B. 404). 

Hazara. — A band of earthy, concretionary or pisolitic ‘ hematite, 
associated with felsitic breccia, was observed by Middlemiss (1819 
— 17 , 26, 286) on the N,E. spur of Sikban hill (34° 7' : 73° 16'), 
In places the band consists of good earthy hematite, 6 to 6 ft. in 
thickness, which would be useful as an ore if fuel were available. 

Waziristan.— K aniguram (32° 31' : 69° 51'). The manufac- 
ture of iron at this locality has been described by Agha Abbas (15. 
688) and Verchere (1839 — 2, 20). The latter observer states that 
the ore is a highly ferruginous vshale occurring beneath nummulitic 
limestone, and that apparently limestone is used as a flux, though 
the actual operation of smelting was not witnessed. Specimens of 
the ore collected by Stewart {see Oldham, 1326 — 24 ) proved to be 
calcareous limonite, containing from 31-8 to 40*4 per cent, of metal 
(B. 403). 

Tochi V alley. Smith (1657 — l) noted the occurrence of concre- 
tions of very pure soft hematite in middle or lower Eocene sand- 
stone beds at Miran Shah (32° 58' : 70° 12'). The quantity 

available is said to be sufficient only for local needs. 
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PUNJAB. 

A brief report on the iron resources of the Punjab was compiled 
in 1883 by Oliver (1332 — i). Iron ore is said to occur among the- 
metamorphic rocks of the sub-Himalayan group almost every- 
where between the Jumna and Ravi rivers. The want of fuel is- 
said to be the chief obstacle to the development of the industry. 

Bashahr. — Several ' iron mines ' are marked in the Atlas of 
India near the village of Shele (31® 9' : 77® 43'). According to- 
Medlicott (1197 — 5 , 178), the ores are magnetic and micacepus iron 
occurring in metamorphic rocks. This is the locality alluded to by 
Gerard (647 — 3 , 364). The mines, he says, are numerous, but are- 
only worked during three months in the year (B. 405). 

Gurgaon. — The process of iron smelting at Firozpur (27° 47' 30" r 
77° O') was described in 1831 by A. B. ( 624 ; — l). The ore used is 
said to have been a mixture of brown hematite brought from the^ 
Namaul district in Patiala with lateritic hematite obtained locally. 
Twenty-three furilaces, turning out about 2 tons of iron daily, are 
said to have been at work previous to the year 1836 (B. 406)j^ 

Jliang. — Kirana hills (31° 58' : 72° 45'). According to Fleming 
(591 — 5 , 446 ; — 8) and Purdon (1443 — l), the rocks forming the 
Kirana hills are traversed in places by numerous veins of white 
quartz containing layers of rich hematite. Heron, however, who 
examined this area in 1909, reports (830 — 2, 235) that the veins 
are few in number, and that neither the purity nor amount of the ore 
would justify exploitation. Specimens of the ore analysed by Pid- 
dington (1405 — 63 ; — 68) contained : — Fe=16*29 : Si02=ll-22 :■ 
CaC03=65-14 per cent, with a trace of manganese (B. 404). 

Kangra. — Some general information on the iron resources of the- 
district is given by Gerard (651) and Paske (1371). A more detailed 
report by Maroadieu (1168 — i) gives particulars of the iron ores- 
worked in the neighbourhood of Dharmsala (32° 14' : 76° 23'). 
They occur as magnetic particles disseminated through talcose- 
schists, and require concentration by washing before being smelted.. 
The deposits near Bir (32° 3' : 76° 47' 30"), where about 100 furnaces*, 
were at%ork, were considered to be the most promising. 

Similar deposits at Kohad (32° 5' : 76° 52') in Chota Bhagal have- 
been reported on by Warth (1892 — 6) — (B, 404). 

Magnetic iron ores of the same character also occur in the Kulu 
valley, according to Cunningham (399 — 3 , 205) and Marcadieu 
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(1168 ^^3). Here the matrix of the ore is a dark micaceous schist. 
Marcadien formed a high opinion of the value of the ores, and advocated 
the establishment of iron works at Bajaura (31^ 51': 77° 13'). 

In the Spiti valley, Hayden (793—9, 102) has recorded the occur- 
rence of a band of red hematite among the Cambrian beds about 3 
miles to the S.W, of Muth (31° 57' 30" : 78° 6'), In the absence of 
fuel, the deposit is of no economic value. 

Patiala. — According- to Bose (173 — 21, 57), iron ore occurs in 
quantity at the following localities in the Narnaul district : — 

(1) Two or three bands of magnetite with hematite occur in’ a 
low ridge running south from Chhapri (27° 56' : 76° 9' 30") to Jaun- 
PUR, a distance of 2J miles. The bands average 7 ft. in thickness. 
On analysis an average sample yielded: — Fe=5742: S=0T5 : 
P=0*42 : Si02=9*38 per cent. 

(2) Near Dhanota (28° 0' 30" : 76° 4'). Hematite with magne- 
tite in association with gneiss of a granitoid type. 

(3) SoHLA (28° 15' : 76° 5' 30"). Hematite in association with 
disturbed and crushed ferruginous quartzites occurs about a mile to 
N. N. W. of the village. 

Sirnuir. — About the year 1880, a blast furnace was erected at 
Nahan (30° 34' : 77° 21') by the Raja of Sirmur, designed for an 
outturn of 50 tons of pig iron a week. Ball (71 — 45, 405) gives a 
brief account of the inception of the undertaldng, but no report on 
its further progress appears to have been pubhshed. The ore used 
is said to have been magnetite, probably mixed with specular ore, 
brought from Chaita (30° 48' : 77° 25' 30"), 24 miles distant. The 
fuel and flux had also to be brought from a considerable distance. 

Blane (145, 61) states that iron ore is said to be found in great 
abundance near the great Lakandi(?), and is smelted to a small 
extent. It is said to produce about 25 per cent, of metal. 

RAJPUTANA. 

Ajmer* — Hacket (730^4, 248) mentions some old iron workings 
near the jail at Ajmer (26° 28' : 74° 41'), and remarks that the pro- 
duction must have been very small (B. 396). 

Alwar*— B hangarh (27° 5' 30" : 76° 21') and Rajgarh (27° 14' : 
76° 41'). Iron ores occur in large qud.ntities near the base of the 
Arvali series, according to Hacket (730 — 2, 91 ; — 4, 248), and have 
been worked on an extensive scale. The ore from Bhangarh con- 
sists of a mixture of limonite and magnetite with oxide of manga- 
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nese, containing 69-67 per cent. Fe, and 12*7 per cent. Mn. The 
charges of the native furnaces are said to have been exceptionally 
large, producing blooms of 200 to 280 lb. in weight in 20 hours (B* 
396). 

In 1884 the ores at Rajgarh were described by Andresen (31) as 
forming a regular belt 500ft. in width, and extending for a mile 
and a half. The deposit had been excavated to a depth of 120 feet. 

Bundi. — Bhaieomptjra (25® 31' : 75® 46'). Hacket (730—4, 
218) states that iron ore was being worked here in 1880, but gives 
no further particulars. 

Jaipur. — Kaewar (26® 38' 30" : 77® 6'). An abandoned iron 
mine is mentioned by Hacket (730 — 4, 248). The ore is said to be of 
superior quality. 

Kaialo (27® 5': 76" 16' 30") and Nimla (27® 4' 30": 76® 19'). The 
presence of large quantities of hematite in the Eaialo marbles near 
these places has been reported by Heron (see Hayden, 793 — 28, 19). 
The deposits occur in lines of lenticular masses, varying from iron- 
stained marble to nearly pure hematite. Bands of pure ore 7 to 
8 ft. in width were measured. 

RArptJR (27® 44' 30" : 76® 1'). Two vertical bands of massive 
hematite, varying from 3 to 15 ft. in width, were observed here by 
Heron (see Hayden, 793 — 31, 20). The bands occur in mica schist, 
and are traceable for 2 miles along the strike. 

Kishangarli. — Kancheia (26® 32' : 74® 56' 30"). An occur- 

rence of titaniferous iron ore, formerly smelted by the natives, has 
been brought to notice by Holland (see Vredenburg, 1854 — 8). 
The ore occurs abundantly in large well-shaped crystals, with quartz 
and calcite, in a broad vein traversing granitoid gneiss, about a mile 
to E. by N. of the village, 

j— G angae (25° 3': 74° 40'). Hacket (730—4, 248) 

states that iron ore was being worked here in 1880, but gives no 
particulars of its mode of occurrence. 

UNITED PROVINCES. 

Knniaon. — Although much has hoen written on the subject of the 
wide diffusion of iron ores in the Kumaon division, and although 
more than one attempt has been made to establish an iron-smelting 
industry on modern lines, we are still without precise information 

27'8 




IRON. 


regarding the quantity of ore available, or its value from a commer- 
cial point of view. Several of the earlier travellers in the Hima- 
laya,— Hardwicke ( 765 , 341) in 1799, Traill ( 1797 — 3 , 168) in 1828, 
and Glasfurd ( 664 , 473), mention the prevalence of iron-smelting 
by the hill men, and give details of the process ; but Herbert (827 
— 6, 260 ; — 10, ciii, cxxiv) was the first to describe the nature of the 
ores and their general distribution. 

Two classes of ores, of very different ages, may be distinguished : — 

(а) Bands of hematite, and disseminated grains of magnetite, 

associated with the metamorphic schists and lime- 
stones of the outer Himalaya, probably corresponding in 
age with the Dharwarian rocks of the Indian Penin- 
sula. 

(б) Beds of hematite and limonite, constituting, as Medli- 

cot (1197 — 5 , 178) and Middlemiss (1219 — 10, 86) have 
shown, the more highly ferruginous portions of the 
bands of clay that occur in the lower part of the Nahan 
group, one of the divisions of the sub-Himalayan Ter- 
tiary system. It is not improbable that local surface 
enrichment of the ferruginous clay bands is the cause 
of the development of these masses of ore, and that 
they do not descend to any considerable depth. 

Between the years 1850 and 1871 the iron resources of Kumaon 
attracted m\ich attention, and the following reports were drawn up 
for the information of Government : — 

1850. Beckett ( 94 ). Describes the ores in the Simalkhet 
area in Garhwal, and the operations of smelting and 
refining the metal. 

1855. Henwood (825 — i, 11). A general report on the mine- 
ral resources of the division. 

1855. Drummond (504 — 6). Gives results of an explora- 
tion for iron ore along the foot of the Himalaya. 

1855. Sowerby (1679 — l). Describes the occurrences of iron 
ore in the neighboxirhood of Deohauri. 

1855. Watson ( 1900 ). A report on the Deohauri deposits* 

1856. Banatt (80 — i, 70). Gives particulars of newly dis- 
covered iron mines in Garhwal. 

1856. Sowerby (1679 — 2 ; — 3). Results of a detailed exa- 
mination of the iron ore deposits in the sub-Hunalayan 
zone. 

1869-71. Lawder (1040 — i, 87 ; — 2, 19). Cursory notes 

on specimens of iron ore obtained from various localities. 
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1871. Henwood (826 — 3, 18). A summary of his report on 
the metalliferous resources of the division. 

The particulars given by Atkinson ( 48 , 28) are compiled from 
Beckett's and Lawder's reports. 

The .areas mentioned are : — 

Ainiora. — ^D wara Hath— Simalkhet (29° 47': 79° 29').* Veins 
of . compact red hematite in clay slate, varying from 2 to 30 f fc. in 
width. The veins have been traced for a distance of more than 
16 miles from S. to N. 

PoNAAR VALLEY (29° 31' : 79° 57'). Beds of massive brown 
hematite in clay slate, varying from 1 J to 3 ft. in thickness. . 

Oarhwal. — ^N agpur pargana (30° 30' : 79° 15'). Numerous lodes 
of micaceous hematite associated with quartz. Some of the lodes 
are said to attain a thickness of more than 50 feet. 

Naini TaL— D hahtakot (29° 30' : 79° 31'). Mines have been 
worked at several places in the valley of the Kosila E. in this neigh- 
bourhood. The ores are usually specular or micaceous hematite, 
occurring in calcareous slates with thick beds of quartz. 

Eamgarh (29° 26' : 79° 37'). Several bands of micaceous hema- 
tite, varying in thickness up to 10 or 12 ft., one of which has been 
traced for a distance of 7 miles. The ores are associated with talcose 
and clay slates. 

Sub-Himalayan zone : — Bijapur, near Haldwani (29° 13' : 79° 
35'). Ore occurs in the joints of a bed of talcose clay 20 ft. thick, 
and in nodules. It is said to be of excellent quality. 

Dechauri (29° 22' 30" : 79° 23' 30"). Sandstone impregnated 
with scaly hematite, extending to 20 or 30 feet in width. 

Jham, near Haldwani. Occurrence similar to that at Bijapur. 
A bed of ore 3 to 4 ft. thick had been intersected by' a pit. 

Loha Bhabak, near Kaladhungi (29° 17' : 79° 24' 30"). Two 
beds of argillaceous sandstone passing into brown hematite, 10 and 
12 feet thick respectively. 

The observations hitherto* made on these ores appear to have 
been confined to an examination ’ of the outcrops, and no thorough 
sampling of the deposits in depth, such as would now be considered 
necessary to determine their real value, has been attempted. From 
a report made by Hughes (888 — 13) in 1874, it appears that specimens 
of the Eamgarh ores yielded from 42*93 to 61*33 per cent, of iron. 
Specimens from near Kaladhungi and Dechauri yielded 38*82 and 
55*13 per cent, respectively. 
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In 1856 a report on the feasibility of establishing iron works in 
'*^'Uinaon was drawn up by Strachey (1717 — li), when Dechauri was 
^;^coinmended as the most favorirable site for the purpose. In 1857 
erection of furnaces at that place was taken in hand, under the 
^^Xection of Sowkby, who subsequently published details of the 
^^periments and of the plant in use (1679 — 2, 89 ; — 6, 67). About 
^Ixe same time works which had been erected at Khurpa Tal (29® 

: 79® 28') were taken over by a private company. These two 
^iidertaldngs were amalgamated in 1862 under the title of the North 
India Kumaon Iron Works (Ltd.). A history of. the operations 
^a,s been given by Atkinson (48, 29), and the causes which led to 
^Ixe failure of the enterprise have been discussed by Oldham (1326 
^26) and Warth (1892—9 ; — 10). A final attempt to utilise the 
ores of Kumaon was made, under the superintendence of Mv. A. 
Campbell, in 1877 to 1879 ; but the expense incurred in the carriage 
of the siliceous ores from the Ramgarh area, which it was found 
Necessary to add to the aluminous ores of Dechauri, led to the aban- 
<ioninent of the works (B. 406). 

Mirzapur.— Korchi (24® 5' : 83® 20'), Mallet (1159—5, 22) has 
ir-ecorded an occurrence of magnetite to the north of the village. The 
ore band is composed of alternate arenaceous and ferruginous layers, 
■fclie latter being granular magnetite. 

The production of iron or^ in the United Provinces is at present 
oxceedingly small. During the five years 1909 to 1913, the average 
annual output amounted to no more than 24 tons. 

lURON OOHBK S66 OCHRE!, 

XSON PYRITES 5CC SULPHUR. 

IKON SULPHATE SULPHATES— IRON. 

JADESTONE. 

BURMA. 

lHyitkyiua. — Tawmaw (25® 42' : 96® 17'). The mineral jadeite, 
sx silicate of soda and alumina, has been worked for an unknown 
period at this locality and in the neighbourhood, mainly for export 
t>o China, where it is highly prized on account of its supposed magical 
c:[ualitLes. The earliest description of the mines was published by 
CJriffith (709 — 4, 87) in 1847. The stone, he says, is found in rounded 
l:>oulders embedded in yellow or orange coloured clay, and is extracted 
from pits not more than 20 ft. deep. The revenue derived from 
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the mines in 1836, the year previous to his visit, is said to have 
been about Es. 40,000 (£2,666). The mines are also montioncd 
by Hannay (760 — 6, 11 : 1386, 265), but he does not appear to have 
visited them (B. 518). 

After the amexation of Upper Burma the mines wore visited and 
described by Noetling (1311 — 8 , 134 ; — 10 ; — 23 ), who observed 
that in addition to the boulder deposits seen by Griffith, jadeite 
had been discovered in situ in a dark coloured serpcntinoiis rock, 
intrusive in Tertiary (probably upper Miocene) sandstones and 
clays. 

More recently (1907), a full description of the geology of the area,, 
and of the mode of occurrence of the jadeite, with remarks \ipon the 
petrology of the rocks associated with it, has been given by Bleeck 
(154 — 1 ; — 3 ). The mineral is shown to occur as a compound dyke,, 
consisting of jadeite and albite with an outer border of amphibolite, 
intruded into serpentine under conditions of high compression* The 
jadeite occupies the centre of the dyke, and is of a pure white colour, 
with included green patches of varying shades, which are the por- 
tions sought for. 

Boulders of jadeite are also quarried from Tertiary conglomer- 
ates at Hweka (26® 29' : ' 96® 20'), and from the alluvial deposits of 
the Uru (Uytj) E. near Mam6n (26® 36' : 96® 18'). Their occur- 
rence in the Tertiary beds proves, as Bleeck points out, that the 
jadeite intrusions belong to a far earlier period than that assigned to 
them by Noetling. 

The mineralogical characters of the jadeite of Tawnuiw, and of 
the rocks associated with it, have been discussed by Ihuier (88 — i; 
—8), Kremer (1013—1; —2), and Fischer (586—1 ; —3). Analyses 
of the mineral have been published by Damour (41&— I ; — 3), 
Farrington (566), and White (1922). 

The average annual production of jadeite in Upper Biirina, 
during the five years 1909 to 1913, amounted to 2,109 cwt. . In 1914 
and 1915 the amounts produced were 3,764 cwt. and 3,692 cwt. 
respectively. 

CENTRAL INDIA AGENCY. 

Rewah.— PiPBA (23® 58' 30" : 82® 45'). According to Malhd; 
(1159' 5, 20), bands of hornblende rock passing into jade are asso- 
ciated with the corundum quarried at this locality. 

MADRAS. 

Arcot (S-)*— A mineral resembling jade is mentioned by Les- 
chenault de la Tour (1062—1, 333) as occurring about 2^ miles to the 
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W. of TiBNAVALouit (Tirtjvanakallxjb, 11® 61' 30" : 79® 25' 30"), on 
the road from Pondickerry to Salem. The rock is described as of % 
beautiful apple green colour mottled with red and greyish patches^ 
and is said to take a high polish. In another place (1062 — 2, 248), 
the mineral is referred to as jasper. 

TIBET. 

Cohen (333) and Bauer (88 — 3 ; — 6) have described the min- 
eralogical characters of specimens of jadeite brought from Tibet. 
They probably occur as boulders in alluvial despoits, but the locality 
from which they come is not known. 

TURKISTAN. 

The celebrated jade mines situated in the Karakash valley, 
about 20 miles to the S. E. of Shahibul/v (36® 20' : 78®* O'), have been 
described by H. v. Schlagintweit (1578 — 15 ; — 17 ) and Stoliczka 
(1712 — 27 ). The jade is associated with a white, coarsely crystalline 
mineral resembling albite, but infusible before the blowpipe, forming 
veins in mica and hornblende schists. The .colour varies from 
white to pale and dark green. The pale green variety sometimes- 
attains a thickness of 10 ft., but is greatly fractured in all directioirs. 
The quarries had been abandoned since the year 1864 (B. 517). 

An analysis of jade from the Kuenlun mountains has been pub- 
lished by Allen (24). 

JASPER see under GEM-STONES. 

KANEAB see under BUILDING MATERIALS. 

KAOLIN and POTTERY CLAY. 

The following notes refer only to the finer varieties of clay, suit- 
able for the manufacture of chinaware or art pottery. The coarser 
kinds of clay, so largely used by the native pottte for making un- 
glazed cooking utensils, water jars, and the hke, are to be found in 
the immediate neighbourhood of nearly every village throughout 
India and Burma, and require no further notice. 

' ASSAM. 

Hannay (760 — 5 , 336) gives a brief account of the principal 
deposits of white clays in Upper Assam. Extensive beds of pure 
kaolin were seen on the Dora E. (27® 64' : 96® 20') in Lalchimpur 
{see ako Dalton and Hannay, 408, 91). Fine white clays are also 
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mentioned as occurring at tlie falls on tlie Nambor E. (26° 24' : 93° 
56') ; on the Dhansibi E. , and at Bor Pathar (26° 17' 30" : 93° 66') 
in Sibsagar. 

Oaro Hills. — Bedford (96 — 2, App. ii) records the occurrence of 
pipe clay in the hills near Domalgiri (25° 32' : 90° 10' 30") and 
Mahtindbaganj (25° 17' 30": 89° 55'). Medlicott (1197—33, 61) 
and La Touche (1034 — 8, 42) found that beds of indurated white 
clay are widely distributed through the western portion of the hills, 
occurrmg in seams of 2 or 3 ft. in thickness near the base of the 
Cretaceous series. They are largely developed at Tura (25° 31' : 
90° 17'), where the clay is used for white-washing (B. 567). 

BENGAL. 

Banitura. — ^Homfray (866 — 2) notes the occurrence of white 
porcelain clay at the foot of the hills south of the Damuda E. near 
Mahiari (23° 28' 30" : 87° 17'), and on the road to Bankura (23° 
14' ' : 87° 8'). Kaolin resulting from the decomposition of felspar 
porphyry was also observed by Ball (71-r-4:6, 112) on the Bankura 
road, about 7 miles- to the S. of Eaniganj. 

Burdwan. — Clays derived from the Damuda coal measures have 
been used with success at pottery works in Eaniganj for the manu- 
facture of earthenware, tiles, drainage pipes, etc., (B. 565). 

Diirjccliiig. — Some of the Daling slates, according to Mallet (1159 
— 6, 90), decompose into a white clay which might be used for pot- 
tery. It is said to occur in quantity near the mouth of the Sukkam 

STRRAM. 

A bed of kaolin, about 6 ft. thick, met with in excavating the 
site for the European hospital at Darjeeling, has been specially 
described by Mallet (1159 — 31 , 58). A small sample, when tested, 
fused to a transparent white enamel. 

BIHAR AND ORISSA. 

Bliagalpiir. — Colgong (25° 16' : 87° 18'). A report on the clays 
of this neighbourhood, drawn up in 1864 by H. F. Blanford, is 
■quoted. by Stuart (1723 — 3 , 142). They occur in two isolated hills, 
rising abruptly from the alluvium on the right bank of the Ganges 
at Kardeh and Patarohatta, a few miles below Colgong. 'The 
principal bed of kaolin, which is found near the base of the hills, has 
been formed directly by the decomposition of the underlying gneiss, 
and ranges in tliickness from 40 to iOO ft. The upper portion of the 
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hills, whicli rise to heights of 400 and 180 feet respectively, is made up 
of alternating b^ds of clay and sand, all of which would furnish 
materials for pottery making. The thickness of fine clay is esti- 
mated at about two-ninths of the whole thickness exposed. 

An analysis of' the kaolin from the base of the hills gave the 
following result ; — ^Water and organic matter =14*00 : Si02= 
57*00 : Al 203 = 39 *ll ; CaC03=l*42 ; MgO=l-21 : KTasO and £ 2 ©= 
1*26 per cent. 

Pottery works were established in 1860 at Patarghatta by Mac- 
donald, but were closed on his departure in 1864. The articles 
produced are said to have been of the highest quality, including 
table ware, porcelain for scientific purposes, etc. ; but no record of 
the operations appears to have been published. 

Cuttack^ — Blanford (148 — 2 , 279) mentions the occurrence of 
beds of white clay in the Eajmalial group at Kukker (Kakari, 
20° 30' : 85° 50') and Nabaj (20° 28' : 85' 50'), on the banks of, the 
Mahanadi. The clay was used for dressing leather and as white- 
wash. Stirling (1706, 178) mentions similar clays in. the neighbour- 
hood of Khurda (20° 11' : 85° 41'), to the south of the Mahanadi. 

Beds of white lithomarge occur in places, according to Blanford 
(Z. 0 .) beneath the coastal laterite, but are apt to be stained by 
ferruginous matter (B, 564). 

Maiibhum. — Impure kaolin, resulting from the decomposition of 
.granite veins and gneiss, occurs in considerable quantity, according 
to Ball (71-^, 112). The abundance of kaolin in this and the ad- 
joining districts is also alluded to by Hewitt (833, 419). 

Mayiirhliaiij. — The clays underlying the laterite about Baripaba 
( 21° 56' : 80° 47') are stated by Bose (173 — 20, 172) to bo well 
suited for pottery making, A sample tested by Vredenburg be- 
came intensely hard without fusing, and assumed an agreeable terra 
cotta colour. 

Santal Pargaiias.— Kajmahal mi^ns. In 1831, Buchan, an- 
Hamilton (222 — 19, 2) drew attention to the abundance of white- 
pottery clays obtainable in the Rajinahal hills. The most import- 
ant deposits are said to occur at Kharipahar(?), near the south 
end of the range, and in the neighboiirliood. This locality, as well 
as Loiiaria (? Loiiandia, 25° 3' : 87° 26') is also mentioned by 
Oldham (1326— c>, 281), 
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More recently (1907-08) an examination of these deposits was 
made by Stuart (1723 — 3). The clays were found to occur in three- 
ways ^ 

(а) As the decomposition product of felspar in the funda- 

mental gneisses and schists. 

(б) In white Damuda sandstone, resulting from the decom- 

position of felspar originally present in the sandstone. 

(c) Beds of white clay interbedded with the Damuda sand- 
stones. 

The more important deposits of class (a) were seen at : — 

Dodhani (24° 16' ; 87° 27' 30"). Bed more than 10 ft. in. 
depth and 30 ft. in width. 

Kajeiaotxjb (24° 19' 30" : 87° 27'). Bed over 6 ft. in depth,, 
but beconaing less pure below this depth. 

Katangi (24° 28' : 87° 29'). Bed over 16 ft. in depth, exposed 
for a length of 60 yards. 

Smaller exposures were seen near Bagmaea (24° 38' : 87° 21^ 
30"), Bkukhanba (24° 20' : 87° 24'), and in a stream bed near Raja- 
BHITA (24° 41'- : 87° 29'). 

A sample from Dodhani contained : — Si02=54-5 : Al203=39-6 : 
H20=5*9 per cent. When tested, the clay withstood a temperature’ 
of about 1,600°F. without fusion. 

Clays of the second class (6) are found wherever the Damuda 
sandstones are exposed along the western margin of ‘the hills, espe- 
cially in the Hura, Dhamni, and Chuperbhita coal fields. The most, 
conveniently situated locality is Mangal Hat (25° 6' : 87° 50'), 
where the clay extracted from the sandstone by crushing and wash- 
ing is used by the Calcutta Pottery Co. 

The third form of clay (c) is found a quarter of a mile to the W, 
of PiAEAM (25° 0' : 87° 27') in the Hura coal field, where it forms a 
bed 4 to 5 ft. in thickness, and to the S. of the streams by Hura (24° 
69' ; 87° 27'). A sample from Piaram contained : — Si02=59*5 : 
Al203=39-4 : Alkalies and loss=l'l per cent. 


BOMBAY. 

Rewa Kantlia. — Clays suited for the manufacture of high class 
pottery are stated by Bose (173 — 23, 186) to occur in the Tertiary 
beds exposed in the Jhagadia and Valia Talulcs, Rajpipla State. 
The best specimens were met with to the W. of Damlai (21° 42' : 73° 
16' 30"). 
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BURMA. 

Henzada. — Some of the upper beds of the Nummulitic group 
ooneist mainly of china clay almost free from iron, according to 
"Theobald (1763 — 16, 341). A sample from near Endeingon (17° 59' : 
'55° 10') was found by Tween to contain 76 per cent, of kaolin and 
23’4 per cent, of silica ( 1 . c., p. 294). 

Mergni. — ^Heifer (808 — 6, 36) records the occurrence of a consi- 
•derable layer of kaolin on the bank of the Tenasserim R., four days’ 
journey above Tenasserim (12° 5' : 99° 3') — (B. 667). 

CENTRAL INDIA AGENCY. 

Clwalior. — Kaolin quarries at Autei (26° 3' : 78° 16' 30") are 
mentioned in a report on the geology of Gwalior submitted by 
-Jones {see La Touche, 1034 — 39, 113). 

Rewah. — The white clays noted above under the heading FIRE- 
CLAY, as occurring in tlie neighbourliood of Umaria, are well suited 
for the raanufacture of pottery. Their mode of occurrence and pro- 
perties have been described by Mallet (1169 — 52, 142). 

CENTRAL PROVINCES. 

Jubbulpore. — Mallet (1169 — 52) has described the occurrence of 
white clays in the neighbourhood of Jubbtjlpore (23° 11' : 80° O'), 
where they are interstratified with upper Gondwana sandstones. 
In places the beds of pure clay are from 4 to 6 ft. in thickness, and 
they cover a wide area, especially near Chota Simla. Samples 
when exposed for an hour to a white heat were found to be quite 
infusible, and to have become intensely hard. The composition 
was : — SiO2=46"0b : Al2O3=40-77 : Loss on ignition=13"23 per cent. 

About the year 1890 pottery works were established at Jubbul- 
pore by Messrs. Burn & Co. of Calcutta, and more recently by the 
Perfect Pottery Co. 

Baipur. — ^White shales associated with the Chandarpur sand- 
stones at Mubkatola (20° 19' 30" : 81° 38') are largely used locally as 
white-wash, and are considered by .Bose (see Griesbach, 708-— 31, 
39) to be suitable for pottery making. 

MADRAS. 

For a general account of the manufacture of high class pottery 
in Madras, reference may be made to an article by Chisholm (811) in 
■the Asiatic Quarterly Review. 


287 



KAOLIN. 


Arcot (N.). — ^Patctes of kaolin, derived from the decomposition 
of felspathic gneiss, occur in several places, according to Foote- 
(596 — 20, 207), but are not sufficiently extensive to be workable. 
A supply of pure water would also be difficult to obtain. Hunter* 
(894^1) mentions the occurrence of a bed of this description at- 
Paupantangalam, near Argot (12® 64' : 79® 23')— (B. 563). 

’ Arcot (S.) — Blanford (147 — 8, 213) has noted the occurrence of^ 
fine plastic clay in the Cuddalore beds south of. the Gudalam R. 
opposite Panroti (11° 46' 30" : 79® 37'). The clay contains 
small qr • of lime and iron, giving it a pinkish tint, which 
beconioi:) maxiceL* on burning. Kaolin was also found in a well at- 
Semangalam 0 2° 4' : 79® 46') — (B. 562). 

Chingleput. — White clays and shales are extensively developed 
in the Rajmahal series, according to Foote (596 — 8, 132), especially 
near Sripermatue (12® 68' ; 80° 1') and in the valley of the Attram- 
pakkam s .. riu Madras School of Art formerly obtained a 
supj^iy from a deposit at Coopgm, near Perumalput (Perumalla- 
PALLA, 13° 7' : 80° 3'). Hunter (894—1) has given an account of 
experiments in pottery making carried out at Chingleput (12® 42' : 
80° 2')— (B. 563). 

Ciodavari. — Benza (110 — 4, 54) states that patches of porcelain 
earth are found in the alluvium of the -Grodavari near Rajamaiien- 
DRT (1^® 0' : 81® 50'), and are used in the manufacture of fine- 
pottery, much esteemed all over India. 

Nilgiri.— ^Benza *(110 — l, 421 ; — 3, 248) mentions the occur- 
rence of thick beds of procelain earth in the neighbourhood of Doda- 
BETTA (11° 23' ; 76° 48"), derived from the decomposition of peg- 
matite veins. 

South Kanara. — The discovery of an extensive deposit of pure- 
porcelain clay on the Bulak R., a few miles to the N. of Mangaloeb 
( 12° 52' : 74° 53') was reported in 1842 by Christie (313 — 2). The- 
deposit is also mentioned by Bxishby (246) — (B. 563). 

Trichinopoly.; — The Cretaceous formation contains several beds, 
of fine clay well adapted for the manufacture of pottery. Th'e- 
following localities are mentioned by Blanford (147 — 8, 212) : — On 
the slope of the high groimd S. E. of Vemmanv (11° 14' : 79° 7') ; also- 
at CooTHOOR (11° 13' : 79° 9' 30") and Utacoil (11° 11' 30" : 79° 10')., 

288 




KAOLIN, 


A tldck bed of pipe clay was also observed between Perany (11°‘ 
6' : 78° 56') and Kauray (11° 8' : 78° 66' 30")— (B. 562), 

Tizagapatam. — King (987 — 33 , 166) mentions the occurrence in 
wells near Vizianagram (18° 7' : 83° 28') of partially decomposed 
felspar or " Cornish stone/ Samples tested by Mallet were re- 
duced at a white heat to a semi-fused condition, the colour after 
cooling being pure white. 

0 

MYSORE. 

Bangalore.— Campbell (272 — 7 ) states that a bed of wMte kaolin 
earth is usually found between the red surface soil of the Mysore 
tableland and the underlying homblendic granite. It is said to 
esrtend from Bangalore (12° 68' : 77° 38') to Nandidrtjg (13° 22' : 
77° 46'), and to be several feet thick in places. The clay was 
found to answer well for making crucibles, when mixed with an 
equal quantity of powdered quartz (B. 563). 

Venkataramaiya (1838 — 4) has reported on a deposit of this 
nature at Tinnalu (13° 4' 30" : 77° 37' 30"). The bed of clay covers 
about 42 acres, but its thickness is not great. It is said to be suit- 
able only for brick making. 

Chitaldroog. — Eed and white mottled clays are largely quarried 
in the Jagalur Taluk and near Chitaldroog (14° 13' : 76° 27'). The 
clays, being free from grit, are considered by Sampat Iyengar (1549 
— 1, 92) to be suitable for the manufacture of high class pottery. 

Mysore. — Sambasiva Iyer (1548 — ii, 38) mentions the oocm:- 
rence of large quantities of kaolin at Melkotb (12° 40' : 76° 42' 30"), 
and gives details of the native methods of preparing it for the market. 
The clay is derived from the decomposition of muscovite gneiss, 
traversed by felspathic dykes. 

NORTH-WEST FRONTIER PROVINCE. 

Hazara. — According to Middlemiss (1219 — 17, 287), kaolin is 
reported to occur in the higher parts of the Khagan valley, in Upper 
Hazara, but nothing is known regarding the extent of the deposits. 

PUNJAB. 

In a monograph on the pottery and glass industries of the Punjab, 
Hallifax (741) states that the clays used are usually obtained locally 
from the alluvium of the plains. Details of the manufactme of white 
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pottery at Multan (36° 12' : 71° 32') are given. Much informa- 
tion on this subject has also been given by Baden-Powell (60 — 1 , 
Vol. II, 220). 

Ddhi. — ^Kaolin has been quarried to a small extent at BIasum- 
PUB (2^ 33' 30" : 77° 13'). According to Hacket (730-4, 249) the 
kaolin is derived from granite veins in the Axvali series. The clay 
.was used for white-washing and as fire-clay (B. 666). 

Simla,^ — ^Pottery clays, resulting from the decomposition of lime- 
stones associated with carbonaceous slates, are described by Old- 
ham (1324 — 21, 163) as occurring on the spurs of the hills running 
north from Simla. They have been used for the manufacture of 
bricks, tiles, and coarse pottery. 

RAJPUTANA. 

JFMpnr. — ^Hacket (780 — 4, 249) mentions a deposit of kaolin at 
Buohaba (27° 33' : 76° 2'), but gives no details. 

Heron (see Hayden, 793t — ^28, 19) has recorded the exiltence of 
beds of kaoHn at two localities : — 

• Rasnu (26° 41' 30" : 76° 38'). A bed of kaolin about 20 yds. 
wide, white but rather impure, banded with quartzite. 

At the northern end of the Lalsot hills, chiefly near Daeaoli (26° 
66' : 76° 68').^ Two beds separated by quartzite. The upper bed 
consists of white and fairly pure clay, slightly mottled with pale 
purple and pink. 

UNITED PROVINCES. 

Farrukhabad, — About the year 1838 pottery works were estab- 
lished at Patehgaeh (27° 22' ; 79° 41') by Mr. Jeffreys, and appear to 
have met with considerable success. The only published record of 
these works is contained in a letter by J. C. Pyle (1446), and in 
a list of the articles manufactured, by W. Pyle (1446). These in- 
clude tableware, stoneware, fire-brichn, glazed tiles, etc. (B. 666). 

EIESEBITE see SULPHATES— MAGHESIUM. 

KYANITE see under GEM-STONES. 

LANGBEINITE see POTASH SALTS. 

LAPIS LAZULI see under GEM-STONES. 

LATERITE see wnder BUILDING MATERIALS BAUXITE and IRON. 
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AFGHANISTAN. 

Drummond (504 — 2, 91) mentions the occurrence of lead ores 

ii) the districts of the Hazara Jat, Ghorband, Wardak, Bangesh, 
and the Safed Koh. 

Griesbaoh (708 — 4, 57) states that lead ores are common in 
many localities in southern Afghanistan, occurring near the boun- 
■dary of the Cretaceous limestones "with igneous rocks. Galena is 
said to be brought from the Shah Maksud kange (31° 60' : 66' 16') 
and the Tibin valley (33° 0' : 66° 40'), and 'to occur in quantities 
in the Hazara Jat. In another paper (708 — 21, 77), Griesbaoh men- 
tions the occurrence of traces of galena near Ursttk (33° 39' : 68° 48°) 
and Zanakhan(?) in Kharwar. 

An ancient lead mine at Faeanjal (35° 0' : 68° 44') in the Ghor- 
band valley was described in 1838 by Lord (1091 — 2, 633). The 
workings are said to be very extensive, and to be laid out with 
considerable skill. The ore was believed to occur in a schistose 
layer at the junction of quartzites with overlying conglomerates ; 
but according to Collins (343), who visited the mine in 1893, it 
occupies a large fissure vein filled with breccia, traversing lime- 
stones and shales probably of Carboniferous age. Samples of the 
ore yielded on assay 68 per cent, of lead, and IJ oz. of silver per ton of 
lead. 

Fragments of galena were also noted by Lord in the Ghorband 
valley below Kinohak (36° 3' : 68° 61'), but were not found in situ 
(B. 302). 

ASSAM. 

Bor Kamti. — Specimens of argentiferous galena from the Bor 
Kamti country, lying to the E. of Upper Assam, are mentioned by 
Maclaren (1134 — 2, 184). The ores probably occur in crystalline 
limestone. 

BALUCHISTAN. 

Saindak (29° 16' : 61° 33'). Vredenburg (1864-1, 293) men- 
tions the occurrenqe of galena, associated with carbonates of copper, 
in veins traversing volcanic tuffs and shales and limestones of upper 
Eocene age. The veins are seldom more than a foot in width, and 
contain galena only at the widest parts. 

Jhalawan. — Shekean oe Kappue (27° 53' : 66° 28'). Exten-: 
sive mines of lead and antimony ores at this locality are mentioned 
by Masson (1189 — 2, 66), who says that 200 men were constantly 
employed in extracting the ore. l^en visited by Cook {see Hughes, 
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883, 81), the mines had .been deserted, but large quantities of slag 
were seen. According to Tipper (1787 — 6), the mines are situated, 
in hard blue Liassic limestones and in rather softer beds of middle 
Jurassic age. The chief ore is cerussite or carbonate of lead. 
No silver was found in the slags. As fuel is scarce, the ore could 
not be smelted on the spot. 

Le Messurier (1055—1) refers to the ore as sulphide of antimony,, 
and says that it occurs in cubes of an inch square. The lead ore 
was considered to be of inferior quality and small in quantity (B^ 
302). 

BIHAR AND ORISSA. 

A summary of the information available regarding the distri- 
bution of lead ores in Chota Nagpur was compiled in 1891 by King 
and Pope (989, 96). 

Bhagalpur. — The following localities are mentioned in the " Econ- 
omic Manual ^ (B, 288-290) : — 

Dudijor (24° 41' : 86° 47'). A sample of galena from near 
the surface is said to have yielded 71 per cent, of lead ' 
and 42 oz, 3 dwt. of silver per ton of lead. A mine was 
opened in 1879, but no particulars of the working are 
available. Lead ore is said to occur also at Gonora,. 
KARDAj and Kejuria, in the same neighbourhood. 
Samples from the last named locality yielded 12 per 
cent, of lead, and 46 oz. 4 dwt. 3 gr. of silver per ton of 
lead. 

Gatjripur or Phaoa (24° 49' 30" : 87° O'). A shaft was sunk 
here in 1878 on a' vein of lead ore to a depth of about 
30 ft. Three samples of the ore yielded on the average 
71-7 per cent, of lead, and two of these are said to have 
contained 68 oz. and 103 oz. 2J dwt. of silver per ton 
of lead respectively. 

Kharikhar (24° 50' : 86° 52'). A specimen of galena from 
this locality contained 52 oz. 8 dwt. 14 gr. of silver 
per ton of lead. No account of the extent of the 
deposit has been published. 

Haziiribagh. — Fragments of cerussite are reported by Mallet 
(1159 — 7, 35) to have been found near the villages of Mehandadi 
and Barhamasia (24° 20' : 86° 18') ; also near Khesmi and Nauwa- 
niH (24° 24' : 84° 26'). 

Galena is said (B. 292) to have been found in the copper mine 
at Babagunda (24° 6' • 86° 7') ; and Mallet (1159 -7, 34) found 
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traces of galena disseminated through a vein of garnet and coccolite- 
in the Patru stream, to the N. B. of Grunoo (24° 24' : 86° 25' 30"). 

Hisatu (23° 69' 30" : 85° 4' 30"). The existence of lead ore at 
thi$ locality was discovered in 1777 hy Motte and Parq[uhar {see- 
Heatly, 801, 564). In the Statistical Account of Bengal ( 896 — 2 , 
Vol. XVI, 164) it is stated that the deposit was worked for antimony 
towards the end of the century. In 1842 the mine was re-dis- 
covered hy Ouseley (1849 — 4), who sent specimens of the ore to Cal- 
cutta, which were analysed by Piddington (1405 — 13 ; — 23 ). They 
were fotmd to contain 47-02 per cent, of lead and 4'7 per cent, of 
antimony, but no »trace of siiver was detected. The nature and 
extent of the deposit do not appear to have been ascertained (B,. 
293). 

Nyatand (24° 30' : 85° 46'). A lead mine at this place is indi- 
cated on Sherwill's map of Bengal (1625 — ii), but no particulars 
are known (B. 292). 

Paeseya (24° 10' : 86° 51'). Large rolled masses of vein stufi 
with galena have been washed out of the alluvium of the river near 
the village, but no traces of the ore in situ have been found (B. 293). 

Manbliam. — Ball (71 — 8) has recorded the discovery of a vein of 
galena in a hill situated close to the village of Dekia, about a mile- 
to the E. of Dhadka (22° 48' : 86° 34'). The ore occurs in lenti- 
cular ihasses 6 or 6 inches in length, surrounded by brown hematite 
and quartz, in what appears to be a true lode traversing mica schists. 
On analysis specimens of the ore yielded 79 per cent, of lead, and 
from 76-34 oz. to 1J.9 oz. of silver to the ton of lead (B. 290). 

This deposit, with others of the same character at Ktjshboni,. 
Jhanijhoee, Latapaeah, Lewshai, Paeada, Ghagea, and Nakt- 
NAH, were thoroughly prospected by Messrs. Mackinnon, Mackenzie- 
& Co., of Calcutta, in 1904 and 1905, and were found to be mere 
pockets of ore. Prom a similar deposit at Beldi (22° 56' 30" : 
86° 21' 30") 267 tons of ore were extracted, which yielded 91 tons 9- 
cwt. of lead, 4,716-15 oz. of silver, and 86-04 grs. of gold (862, 126). 

Monghyr. — Sherwill ( 1624 r>— 2 , 206) mentions the discovery of a 
vein of argentiferous galena at the base of the Kharakpur hills; but 
the exact locality is not known. The ore is said to be rich in silver' 
(B. 290). 

PalamaUj— Weathered fragments of galena are said to have been 
picked up on the surface near the village of Baeikhap (23° 62' 30" : 
84° 62' 30"), but the mineral has not been found in situ (Ball 71 — 32 ,. 
126 ; B. 294). 
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Ranchi. — Sili (23° 21' : 85° 64'). Fragments of galena from tliis 
neighbourhood are preserved in the Geological Survey Museum, but 
no further particulars are known (B. 294). 

Samhalpur. — Jhuman (? JtrMABi, 21° 32' 30" : 83° 54'). The 
discovery of a vein of galena in the bed of the Mahanadi E. at this 
place has been recorded by Ball (71 — 29 , 191). The ore occurs in a 
vein of quartz, 16 to 19 inches in width, traversing granitoid gneiss, 
And in places occupies the whole width of the vein. A length of 
About 6 ft. was exposed by excavation. The galena contained 12 oz. 
■5 dwt. of silver per ton of lead (B. 295). 

^ Talpuohia (21° 66' : 84° 5'). Eolled pebbles, consisting of a 
mixture of the oxides and carbonates of lead, have been found on 
■the surface to the south of the village, and may have been derived 
from a small bill lying to the north (Ball, 71— 29,. 192). The speci- 
mens yielded 87*28 per cent, of lead (B. 295). 

Sautal Parganas. — Akasi or Panoh Pahab (24° 37' 30" : 87° 16'). 
A vein of lead ore is marked in this position on Sherwill's map of 
Bengal (1626 — li). According to McClelland (1117—33, 32), the ore 
occurs in small crystals in a decomposing bed of quartz and acti- 
nolite, constituting about 2 per cent, of the mass. Buchanan- 
Hamilton (see Martin, 1181, Vol. II, 188) describes the ore as sul- 
phide of antimony, and says that on excavation a vein J in. in width 
was met with. Specimens are stated by Jones (956—2, 282) to 
yield 60 per cent, of lead. 

Bairuki (24° 35' : 86° 40'). The copper ores Sit this place were 
•found by Piddington (1405 — 41 , 10) to be associated with galena 
And cupro-plumbite. No silver was detected in the galena, but in a 
later paper (1405 — 47 ) Piddington says that he obtained 154 grs. of 
silver from 14 lb. of the copper ores. An assay of the galena quoted 
l)y Ball (71 — 45 , 287) gave 82*25 per cent, of lead, and the equi- 
valent of 35 oz. 14 dwt. of silver per ton of lead. 

According to Barratt (80 — 2, 8), the deposit of lead ore is dis- 
■tinct from that of the copper, and is situated 60 fathoms to the 
-south of the latter (B. 287). 

Sankeba hills (24° 18' : 87° 22'). A deposit of lead ore is indi- 
^cated here on Sher will's map of Bengal (1625—11), but the exact 
locality is not known. Ball suggests that it was situated in the 
■Chandrapahar (silver hill) to the S. W. of the main mass of the hills 
(B. 286). 

Txtrt or Tiur Pahab (24° 30' : 86° 54'). McClelland states that 
lead ore occurs here in small crystals (B, 287). 
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Singhbhmn. — Griesbach (708 — 34, 13) lias recorded the discovery 
by F. H. Suaith of an irregular vein of galena containing gold as- 
well as silver. The exact locality is not specified, but it lies probably 
in the neighbourhood of Pahardiah (22® 30' : 86® 16') On assay 
the ore yielded 79-3 per cent, of lead, 34 oz. 2 dwt. 17gi‘. of sUver^ 
and 11 oz. 2 dwt. 3 gr. of gold per ton of lead. 


BOMBAY. 

Kathiawar. — Galena was found by Fedden (569 — 6, 134) asso- 
ciated with copper pyrites in a quartz vein traversing trap rock ak 
Banej Nes (? 21° 2' : 70° 59'), in the Gir hills. The ore is said to 
occur irregularly and in very small quantity. 


(Narukot). — Lead ore is mentioned in the -Bombay Gazetteer 

(Vol. Ill, 197) as having been worked at Jhuban (? Jaban, 22° 24' : 
73° 43') and the Khandivav lake (22° 18' : 73° 47') ; but no infor- 
mation as to the extent or nature of the deposits is available- 
(B. 301). 

BURMA. 


Amherst. — O'Riley (1840— 3, 735) states that galena and carbo- 
nate of lead are found at many places among the limestone hills 
that extend southwards from the Pagah raktge (17° 36' : 97° 60'),. 
between the Yenbain and Taungyin rivers, to the head waters of the 
Houndran (? Haung-tha-eaw) and Zimme (Zami) rivers (16° 25' : 
98° 30') ; but docs not give the precise localities. The o^es are said, 
to have yielded from 76 to 81 per cent, of lead, and an average of 
12 oz. of silver per ton of lead (Theobald, 1763 — 19, 93). 

Mallet (1159—38) has described a specimen of carbonate of ie’ad. 
received from Maulmeiii, containing cavities partly filled with 
native, load. 


Bhamo. — PoNSEE or . Pojtshi (24° 27' : 97° 41'). The silver- 
lead mines at this locality,* formerly worked by the Chinese, were- 
visited and described by Anderson (29 — 2, 267 ; — 3, 106) about the- 
year 1870. The mines are situated in a hill formed of crystalline- 
limestone, about 600 ft. in height, on the left bank 'of the Taping E. 
The ore occurs in fissures in the limestone filled with clay, and was- 
reached by adits from 200 to 400 feet in length. It is said to 'con- 
tain 0-191 per cent, of silver, or according to Theobald (1763—19,. 
93), 73 oz. 10 dwt. of silver per ton of lead. 

296 


LEAD and SILVER. 


Katha.-T-Veins of cerussite were found by Noetling (1311 — 13 ; 
— 18, 118) traversing a band of apbanitic rock at \I^ydwin (24® 
15' : 95® 40') on tbe Nam-maw E. The average thickness of the 
band is about 4 ft., and the cerussite occurs in thin layers along 
■cracks in the rock. Samples of the ore yielded OQ*-! per cent, of 
lead, and 33 oz. 16 dwt. 4 gr. of silver per ton of lead. 

A similar occurrence was found at Mawkwin (24° 10' : 95° 37'), 6 
miles to the S. W. of Kaydwin. 

Mergui. — Maingay's I. (12® 32' 98® 18'). A lode of lead ore, 
occurring on the west coast of the island close to the sea, has been 
-described by Fryar (Ind. Economist^ V, 44 ; Coll. Guard., XXIV, 
254). The ore occurs with quartz and barytes in a hard, coarse, 
argillaceous schistose rock. Samples of the ore assayed by Tween 
yielded from 78*15 to 81*45 per cent, of lead, and from 11 to 13* oz. 
of silver per ton of lead (B. 310). 

Salween. — On a sketch map of the Yunzalin valley, compiled by 
O'Riley and reproduced by Theobald (1763 — 19 , 94), nine localities 
for lead ore are shown. The ore is said to occur in the same lime- 
stone formation that is exposed near Maulmein. Some of the lead 
mines in the neighbourhood of Mizine (17® 18' : 97® 40') were visited 
in 1873 by Fryar (625 — 9). One of the localities mentioned by 
him, Teetalay hill, prolDably corresponds to the Hteesailay 
HILL shown on . O'Riley's map. The ore near Mizine occurs in a 
siliceous gangue, very difficult to work, and yielded on assay 14 oz. 
14 dwt. of silver per ton of lead. At Teetalay the ore occurs in 
limestone, and at TEETiVMEELAY hill (? Thbethkamoodoe hill of 
O'Riley's map) in a quartz matrix. Ore from the last named loca- 
lity contained 8 oz. 3 dwt. 8 gr. of silver per ton of load (B. 310). 

Shan States (N.).— Bawdwin (23® 7' : 97® 20' 30"). These are 
the only really productive silver-lead mines now being worked 
within the limits of the Indian Empire. They are said to have been 
worked by the Chinese from the beginning of the 15th century, but 
were abandoned about seventy years ago 'on account of tlio disturbed 
state of the country. The old workings arc very extensive, and 
testify to a considerable knowledge of mining pi’actice on the 
part of the Chinese, who smelted the ore and extracted the silver 
on the spot, leavijig the hulk of the lead in the form of huge heaps 
of slag, which cov(ir an ai'ca of sevci‘al acres. 

The geology of the locality and mode of occiUTcncc and character 
of the ores have been described by La Touche and Brown ( 1035 ) 
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■who visited the mines in 1907. The ores are developed along a 
zone of intense disturbance d'ue to overthrust faulting in a series of 
rocks composed of coarse felspathic grits and rhyolitic tuffs with 
■thin flows of rhyohte. They appear to owe their origin to a meta- 
somatic replacement of the felspar and, in extreme cases, the quartz 
■of the country rock by metallic minerals, probably carried in solu- 
tion ; and consist mainly of galena and zinc blende, associated with 
■small quantities of iron and copper pyrites. The constitution of the 
•ores varies, assays from three ore-bodies yielding from 24-3 to 33 
per cent, of lead, 14-2 to 29-8 per cent, of zinc, and 17-5 to 37 ounces 
•of silver (862, 129). 

The mines are now being worked by the Burma Corporation 
^Ltd.). Since the year 1909, when operations began, the lead 
.slags left by the Chinese, containing about 50 per cent, of lead, have 
been removed and smelted ; and at the same time the existence of 
ore-bodies, below the level reached by the Chinese miners, has been 
proved by exploration. According to a report published in the 
Engineering and Mining Journal, (Vol. XCVII, 164), the quantity 
of ore reasonably assured in 1914 amounted to 1,154,000 tons. 

The average annual output from the mines, during the five 
years 1909 to 1913, was 2,313 tons of ore and 22,452 tons of 
slag. In 1914 the figures were 8,769 tons ore and 24,901 tons slag ; 
and in 1915, 4,094 tons ore, 32,534 tons slag, and 5,620 tons gossan 
flux. It is said that the supplies of slag are now practically exhaust- 
ed. The total production of hard load during 1916 was 13,622 
tons, of which 6,675 tons, containing 284,876 oz. of silver, were ship- 
ped to England to be- refined. 

Eermor (577 — 9) has recorded the receipt of specimens of lead 
ore from two other localities in the States : — 

1. About 4 miles to the W. of Namsaw (22° 31' ; 96° 69'). 

Galena with crusts of cerussite and a little quartz. 

2. Man Hpwe (22° 0' : 97° 56' 30"). Galena scattered through 

finely crystalline grey limestone. 

Shun States (S.). — ^Kyauktat (Kya-wk Htap, 20° 61' : 96° 49'). 
The operations of smelting and cupelling lead ore found in this 
neighbourhood were described in 1865 by Eeddon (569 — i, 39), but 
he was unable to visit the naines. Those were fully described in 
1887 by Jones (952 — i, 191), who says that they are situated at 
Bawzain (M.\w-STjN), Bwelon, and Dwinzu, a few miles to the N. 
and N. E. of Kyauktat. The ore is found beneath the surface 
covering of red clay, in yellow clay filling clefts and fissures in lime- 
stone, and occiu's in blocks and fragments varying from 3 ft. across 
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to the size of a pea. Cupellation was carried out in a closed furnace, 
in which, the fire of charcoal logs was suspended above a bath of 
molten lead, the litharge being removed by an iron rod. Int 
practice about 2 oz. of silver were obtained feom 160 lb. of lead. 
On assay the ore yielded 74-29 per cent, of lead, and 13 ^oz. 7 
dwt. 2 gr. of silver per ton of ore, with a trace 4 )f gold. 

BCd^emiss (1219 — 22, 151) mentions several lead mines in the 
neighbourhood of Bawzain, and in addition one in the EyAUK-KU- 
LEYW^A State, worked by the chief of the Pwehla State. Old mines 
are situated at a spot miles to the N. of Mtinkyardo (20° 66' : 
96° 36'), and near Pyinnyaxjng (20° 49' 30" : 96° 26') on the* road 
from Thazi to Taunggyi. 

The production of lead ore in the Southern Shan States amounted 
on the average to 81 tons annually, during the five years . 1909 to- 
1913. In 1914 the output was 12 tons, and in 1915, 28 tons. 

Yamethin. — ^M t. Pima (20° 40' : 96° 21'). A lode of argenti- 
ferous galena, said to be from 3 to 30 feet thick, occurring in lime- 
stone among the foot-hills of Mt. Pima, was opened up by a Company 
formed for the purpose in 1908. In the following year 2,463 tons 
of ore were raised, but it was then found that the supply was ex- 
hausted, and the mines were closed (862, 130). 

CENTRAL INDIA AGENCY. 

Datia. — ^N aedha (26° 13' : 78° 61' 30"). A vein of galena in the 
Par sandstones on the Sind R., a mile and a half above the village 
of Nardha, is mentioned by Medlicott (1197—37, 58). The locality 
is referred to as 3 miles to the N. N. E. of Sbonhea (26° 9' : 78° 50') 
in the ‘ Economic Manual ' (B. 299). ^ The ore is said to be abundant. 

Gwalior. — A indbak (25° 33' : 78° 9'). A deposit of galena at 
this locality has been examined by Jones {see Hayden, 793—24, 70). 
The ore occurs in small vemlets and patches, with quartz and 
barytes, in a band in the gneiss 5 ft. in width. A considerable 
amount of ore is said to have been proved. 

Traces of galena and copper ores have also been found in pros- 
pecting trenches at Eagonathpur (26° 4' : 78° 21'), and at a spot 
2| miles to the W. of Kaehia (25° 53' 30" : 78° 4'). The amount 
appears to be small (see La Touche, 1034 — 39, 113). 

Rewail. — U bgaehi (24° 14' : 82“ 29'). An old lead mine at this 
locality is mentioned by Oldham (1325, 173). A vein of galena and 
quartz, about 9 ins. in thickness, is said- to have been found at a 
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depth of 30 ft. from the surface. On assay the ore yielded 61-6 per 
cent, of lead, and 7 oz.. 16 dwt. 14 grs. of silver per ton of lead. The 
mine is referred to as near the village of Baegawa (24° 12' : 82° 31') 
in the ‘ Economic Manual ’ (B. 298). 

CENTRAL PROVINCES. 

Bilaspur.— P abampge (21° 45' : 83° 37' 30"). Ball (71—29, 192) 
mentions the occurrence of strings and small nests of galena in a 
bed of Vindhyan limestone exposed in the bed of the Mahanadi E. 
tinder the village. The deposit is said to be of no economic import- 
ance (B. 296). 

Drug. — C hicholi (21° 4' : 80° 44'). A discovery of galena in 
a quartz ri^e crossing the main road from Raipur to Nagpur at 'Eani- 
talao, 3 miles to the W. of Chicholi, was recorded by Oldham (1326 
— 46 ; — 66) in 1868. The deposit was afterward examined by 
Blanford (148 — '23), who states that the galena, associated with 
fluor spar, occurs in a well marked quartz vein which was traced for 
a distance of a mile and a half. The width of the vein was found 
to vary from 6 to 30 feet. The proportion of galena to vein-stuff 
appeared to be small. Specimens of the ore yielded 9 oz. 19 dwt. 
6 grs. of silver per ton of lead (B. 296). 

An output of 3-25 tons of lead ore from the district is reported 
in 1914, and of 7 tons in 1915. 

Hoshangabad.— JoGA (22° 24' 30" : 76° 61' 30"). Some old 
excavations at Joga Khurd, known locally as the ‘silver mine,' 
have been described by Nicholls (1299, 174). Two parallel series 
of trenches had been dug along the strike of a band of. Bijawar 
limestone containing apparently irregular veins and nests of galena, 
which had been followed in places to a depth of 30 ft. The deposit 
had practically been exhausted, and the samples collected consisted 
of limestone with scantily disseminated particles of galena. The 
load contained silver in the proportion of 21 oz. to the ton (B. 297). 

' Jubbulporo. — S leemanabai^ (23° 38' 30" : 80° 19'). The metalli- 
ferous lodes at this locality, already mentioned under COPPER, con- 
tain a certain proportion of galena, which is sometimes vary rich 
in silver, picked specimens containing up to 200 ounces. Develop- 
ment work on these lodes has not proved remunerative (862, 130). 

Nagpur.— N ima or Nimbha (21° 24' : 79° 9' 30"). The occur- 
rence of fragments of galena on some small hills near the village is 
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mentioned by Jenkins (938 — i, 196) and liislop (843, 380). TKe 
source from which they were derived does not appear to have been 
ascertained (B. 298)., 

Surgiija. — Bhelaunda (23^^ 52' : 83° 20'). The discovery of a 
vein of galena in a hill named Pattia, near the village of Pelawa or 
Bhelaunda, was reported by Dalton (410 — 2) in 1865. Specimens 
of the ore are said to have yielded traces of silver. An attempt to 
work the vein proved to be unprofitable (B. 294). 

Chiraikund (23° 54' ; 82° 64'). An abandoned lead mine, 
situated about a mile and a half to the S. W. of the village, has been 
described by Mallet (1159 — 5, 23). The ore occurred in pockets in 
two bands of horny quartzite interbedded with gneiss. No indica- 
tions of a true lode were observed (B. 295), 

MADRAS. 

Cuddapali. — Jangamrajpilli (14° 46' : 78° 57') or Baswapur. 
The old lead mines in this neighbourhood were fi,rst described by 
Newbold ( 1294 — 29 , 216) in 1842. About, 60' pits were then in 
existence, some of considerable depth. The ore occurs in limestone 
associated with slates and sandstones, sometimes in cavities lined 
with quartz and iron oxide, and in other places in veins from an 
inch to 1| ins. in width. In 1858 the mines were examined by Wall 
(1875 — 6, 295), who traced the indications of ore for a distance of 
4 miles, but adds little to Newbold's description. According to 
King (987 — 7, 273), the ore at Jangamrajpilli occurs in quartz 
veins impregnating limestone belonging to the Cumbum stage of the 
Cuddapah series, but further to the S, and W. it is found in a granu- 
lar form in a band of quartzite. The mines appeared to be practi- 
cally exhausted. 

Samples of the ore collected by Wall contained from, 66*pl4 to 
69-664 per cent, of lead. A sample assayed by Mallet yielded 78 
per cent, of lead, and 22 oz. 7 dwt. of silver per ton of lead (B. 281). 

A description of the native workings has also been given by 
Gribble in the Cuddapah Manual (707 — 1, 26). 

Lank^vmalai (14° 40' : 78° 58' 30"). According to Wall ( 1875 — 
3), the metalliferous zone of Jangamrajpilli is continued south- 
w^ards into the western portion of the Lankamalai hills, E. of Nandi- 
alaiijpet. The richest ores occur in a branch vein exposed to the 
S. B. of the village of -N agasanipalli (14° 42' : 78° 52'). This vein 
is ill two portions, each from 4 to 5 inches wide, and estimated to 
yield about 18 cwt. of dressed ore per yard. A. quartz vein con- 
taining galena, which crosses the Pennair K. at Kotelur (? Kottur, 
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14® 36' ; 78° 48'), may represent a continuation of the lode to the 
South (B. 284). 

Samples from the Nagasanipalli vein yielded from 70'121 to 
■76-371 per cent, of lead. 

Cluntiir. — K aeImpudi (16° 26' : 79° 47').. King (987—7, 276) 
mentions some old lead workings in the N. B. extremity of the 
"Waumyconda range, above Karampudi, among limestones associa- 
ted with Cumbum slates (B. 285). 

Kuruool. — Basavapueam or Baswapue (15° 24' 30" : 78° 41' 30"). 
Some old excavations in search of lead ore in this neighbourhood 
were described by Newbold (1291 — 49 , 389) in 1846. The ore occurs 
in quartz veins traversing slates and schists, and is associated with 
barytes. Samples collected by 'Wall (1875 — 4 ), in the course of 
prospecting operations, yielded 57-5 per cent, of lead, and 5 oz. 
19 dwt. of silver per ton of lead. According to King (987 — 7, 273), 
the ore occurs in joint fissures in slates, as at Jangamrajpilli, striking 
from N. N. B. to S. S. W. (B. 284). 

Koilkuntla (15° 14' ; 78° 23'). .An account of prospecting 
operations at a spot a quarter of a mile to the S. of the village has 
been given by 'Wall (1875 — 4 ; — o, 290). Galena was found 
disseminated through a Khrd siliceous matrix occurring as an irre- 
gular vein among granitoid rocks. Occasionally large masses of 
ore were met with. The yield was estimated at about 9 cwt. of 
•dressed ore per fathom. Samples contained from 12 to 14 oz. of 
silver per ton of lead (B. 286). 

MYSOREr 

€Iiital<Iruog. — ^Foote (596 — 34, 23) mentions the discovery by 
Mervyn Smith of argentiferous galena at throe localities in the 
neighbourhood of Giiitalbeoog (14° 13' : 76° 27'). Two of those are 
on the main road to Bangalore, at the 119th and 121st milestones 
respectively ; and the third on the western slope of Jogi Maradi hill, 
near the town. Some of the specimens are said to be very rich in 
silver. 

Sambasiva lyei- (1548 — r>, 115) has recorded the occurrence of 
stringers of argentiferous galena on the west slope of a small hill to 
the S. of 'Karubarmaeadikeeb -(14° 9' : 76° 29' 30"), in grits and 
crystalline limestone. 'The cleaned ore yielded 72 per cent, of lead, 
and 134-65 oz. of silver per ton of lead. ■ 
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NORTH-WEST FRONTIER PROVINCE. 

Hazara. — Wynne (1975 — 24 , 127) mentions the occurrence of a 
small vein of galena in, the Kakal ravine (34^^ 26' 30" : 73° 25' 30"). 
Samples yielded on assay 65 per cent, of lead, and 7 oz. 18 dwt. 
11 grs. of silver per ton of lead. Specimens were also brought by 
Wynne from Ugri (34° 30' : 73° 4') in Agror. Galena is reported to 
have been found at Bandi Munim, near Gurini (33° 55' : 73° 23'), a 
few miles from Murree (B. 304). 

PUNJAB. 

Jfhelum. — K arangli hill (32° 46' : 73° 5'). The occurrence of 
galena, in small nests and detached crystals, near the summit of 
Karangli hill was recorded in 1848 by Fleming (591 — i, 517 ; — 3 , 676 
— 6, 256), and has also been noticed by Bowring (183 — i, 49) and Wynne 
(1975 — 18, 300). The ore is disseminated through magnesian sand- 
stone forming a precipitous scarp, and can only be reached by means 
of a rope. It has been mined to a small extent as a substitute for 
surma or antimony. 

Fleming (I, c.) also mentions a similar occurrence of galena in the 
gorge above Khewra (32° 39' 30" : 73° 4'), near a temple on the right 
hand side of the valley (B. 304). 


(Kulu) * J — VALLEY. The existence of galena in Kulu 

appears to have been first noticed in 1848 by Parish (1363 — i, 
290), who mentions its occurrence in quartz veins traversing slates 
at Jhari (32°' 0' ; 77° 18'). Hughes (885 — i, 239) describes the lode 
as consisting of quartz with strings of galena, pyrites, and arseno- 
pyrite. Its extent was not ascertained. The ore contained from 15 
to 20 oz. of silver per ton. Massive galena, containing 5 to 6 oz. of 
silver, and 2 to 3 dwt. of gold, was also found at Saugthan, 6 
miles from Jhari. 

In 1865 Mallet (1159 — i, 165) described an old mine at Uchich, 
2 miles above Manikarn (32° 2' : 77° 25'), where the ore is sparingly 
distributed through quartz filling a narrow vertical fissure. The 
specimens obtained were not argentiferous (B. 307). 

Subsequently the district was prospected by Calvert (265 — 2, 
72 ; — 3 ) and by C. and G. Henwood (823 ; 824 — 3 ), when several 
lodes of argentiferous galena were found in the neighbourhood of 
Manikarn. The following particulars are given by Calvert : — 

Khanor Khud. — (1) Lode over 2 ft. in width ; ore free from 
iron and yields 80 oz. of silver per ton. (2) Lode apparently 
several feet thick ; the ore and ' gossan ' together yield 61 per cent. 
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of lead, 12 dwt. 12 grs. of gold, 89 oz. 16 dwt. 16 grs. of silver, and 3*8 
per cent, of copper per ton. (3) Lode several inches thick, yielding 
II tons of ore per fathom ; ore contains 55*5 per cent, of lead, 5 dwt. 
of gold, and 28 oz. 10 dwt. of silver per ton. 

UcHiOH. — Lode over 2 ft. wide ; ore yields 29*80 per cent, of 
lead, 2 dwt. 12 grs. of gold, and 22 oz. 2 dwt. 12 grs. of silver per ton. 

Chong. — Lode about 6 ins. thick ; ore contains 76 per cent, of 
lead, and 19 oz. of silver per ton. 

Calvert also mentions a report that a lode of galena* 2J ft. wide 
occurs at Koman, on the eastern side of Kot Kandi (31° 53' : 77° 16'). 
The ore is said to contain 56 oz. of silver per ton. 

i 

(Spiti). — The occurrence of galena in a small quartz vein, infil- 
trated along a fault plane in upper Triassic limestone between Po 
(32° 3' : 78° 23') and Dankhar (32° 5' : 78° 16'), has been noted by 
Hayden (793 — 9, 102). It is found only in small isolated cubes, 
which are laboriously extracted and used locally for making bullets. 

Simla. — S ar (30° 53' : 77° 15' 30"). An old lead mine is said 
to be situated here, but nothing is known regarding the nature and 
mode of occurrence of the ore (B. 306). 

Sxtbatiiu (30° 58' 30" : 77° 3'). Lead mines were opened in the 
year 1869 at Chapla, about 2 miles to the N. ' of Subathu, and at a 
spot about 2J miles to the S. E., on the road to Solan. The opera- 
tions have been described by Kelly ( 974 ) and Henwood ( 824 — 2 , 
471). The ore occurs in the Blairii slates, apparently in lenticular 
fissures caused by the folding and crushing of the slates. At Chapla 
the lode was about 2 ft. thick in places, but very irregular. At the 
other locality there were two lodes 80 ft. apart, one 2 to 3 ft. thick 
of nearly pure ore, the other varying from 1 ft. 6 ins. to 2 ft. in thick- 
ness. Samples assayed at the mine are said to have contained from 
68 to 75 per cent, of lead, and 12 to 14 ounces of silver per ton of lead 
(B. 304). 

^mla Ilill States. \ ^ occurrence of galena at Basantpur 

(Bhajji) / ^ 

(31° 12' 30" : 77° 14') has been described by Hayden (793—26 
76). The deposit, which was situated on the left bank of the Nauti 
Khad, appeared to have been entirely removed. Fragments of 
galena and slag were seen in the alluvium of the stream, 

(Oargoti).— A deposit of galena, discovered in this State in 1902, 
was reported by Noetling {see Holland, 859 — 38; 14), who examined 
it, to be of no econom’c value. 
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Sirmur. — Herbert (827—10, Ixxix) has described some lead 
mines at Aiyur, near tbe junction of the Suinj E. with the Tons 
(30° 46' : 77° 46'). The locality was visited in 1862 by Medlicott 
(1197 — 5, 179), who describes the ore as occurring in a well defined 
lode, about 2 ft. in width, in limestones and slates of the Krol and 
Infra-Krol groups. A vein of zinc blende, with galena, iron pyrites 
and quartz, was associated with the lead ore. The ore contained 
only a small percentage of silver (B. 306). 

RAJPUTANA. 

Ajmer.— T abagaeh (26° 26' 30" : . 74° 41'). Considerable quanti- 
ties of lead ore were formerly extracted from mines situated at th.e base 
of Taxagarh hill, clos'e to the city of Ajmer. The native methods of 
mining, dressing, and smelting the ore were fully described by Dixon 
(491^ in 1831. Concentration of the crushed ore was efiected simply 
by throwing it down the slope of the hill. After washing it was 
kneaded into balls with cowdung and smelted in small clay-built 
furnaces, each with a capacity of 2 to 3 cwts. of metal daily. Ac- 
cording to Hacket (730 — 4, 247), the ore occurs in a number of small 
roughly parallel veins, penetrating quartzite in nearly the same 
direction as the strike. 

Before the year 1846, when the mines were closed, they produced 
annually from about 7,000 to 8,500 cwts. of lead, according to a 
statement in the Ajmer Gazetteer (1033, 6 ). Dixon gives a much 
lower figure, only 850 cwt. (B. 299). 

Ganeshpura (26° 1' : 74° 42' 30"). Hacket (730—4, 248) says 
that a small quantity of lead ore has been extracted from a pit near 
the village (B. 301). 

Alwar.— JoDAWAS (27° 21' 30" : 76° 22'). An open cutting, from 
20 to 30 ft. deep, from which a considerable quantity of lead ore had 
been extracted, is mentioned by Hacket (730 — 4, 248) ; also a small 
pocket of lead ore at Gudha, in the same neighbourhood. The ore 
from Jodawas is said to contain 80 per cent, of lead, and 1 per cent, 
of silver (B. 301). 

Mewar (24° 21 ' : 73 ° 45 ').— The mines here are 

(Udaipur). / ^ 

principally noted for their zinc ores, but according to Hardie 
(y 04 _ 4 , 335 ; _7, 70), argentiferous galena also occurs in them. 
A sample assayed by Tween contained 10 oz. 12 dwt. 8 grs. of silver 
per ton of lead. The mines are said to have been closed at the time 
of the great famine of 18i2-13 (B. 301). 
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UNITED PROVINCES. 

Almota and Garliwal") ^ — ^Lead ores have been reported to occur 
(Kumaon) j 

at a large number of localities in the Kumaon division, but in most 
cases the mere fact of its existence is mentioned, and no details 
are given. Hardwicke in 1799 (765, 341) mentions a' lead mine. in 
pargana Dasaoli, and Herbert (827 — lo, cxi) notes the occurrence 
of veins of galena in dolomite on the range between the Sarju 
and Kosila rivers. 

Barratt (80 — i, 74) mentions lead mines at the following locali- 
ties : — 

Eai (29° 43' : 80° 6'). The ore occurs in limestone, but no 
lode is visible. ■ 

Chendak, 2 miles E. of Chund, in Goron. Lode 6 to 8 ft. wide, 
in limestone. Stringers of galena in quartz. 

Kabai (?). Nodules of lead ore in limestone. 

Fatal, in pargana Dewalgarh (?30° 11' 30" : 79° 3'). Lode in 
quartz, 8 ins. to 2 ft. in width. No ore was seen, but the lode is 
said to have a very promising appearance. 

Dhanpub (30° 13' : 79° 10'). Lode over 12 ft. in width, con- 
sisting of brownish quartz thickly impregnated with galena. The 
yield is said to be about 6-5 per cent, of metal. 

Jhak (30° 9' 30" : 79° 26' 30"). Quartz lode in clay slate with 
pockets of galena, yielding 33 percent, of metal with some silver. 

Lawder (1040—1, 88) mentions lead mines in the Gibthi -valley 
( 30° 40' : 80° 7'), and at Ralam (30° 18' 30" : 80° 20' 30"), Bainskal 
(29°' 55' 30" : 80° 13'), Tuchida (?), and Baidli Baghib (?), but gives 
no particulars (B. 308). 

A summary of the information available is given by Atkinson 
(48, 31). 

Dolira Dun") — Several old lead mines are situated in the valley 

(Jaunsar) J 

of the Tons R., about 25 miles' to the N. of Kalsi (30° 32' : 
77° 64'), ■where the ore, according to Medlicott (1197— G, 179), occurs 
under the same conditions as in the adjoining district of Sirmur. 
The mines at Bubaila (30° 44' : 77° 61') and Maiyub (?) were 
described in 1829 by Herbert (827— G, 25G), who says that they 
were of great extent, but had then ceased to be profitable. The ore 
at Baraila occurred in limestone, and at Maiyur disseminated in 
a fine granular form through slate. 
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The following localities are mentioned by R. D. Oldham in a 
manuscript report : — ,, 

Kuma ’(30° 41' 30" : 78° 6'). Quartz vein in slates, of which 
2 or 3 inches at the base are impregnated with galena 
and copper pyrites. 

Kharsi (30° 45' 30"^ ; 78° 2'). Galena in nodules between 
beds of limestone ; very local in distribution. 

Konain (30° 47' 30" : 77° 57'). Ore occurs as at Kharsi. 
Mudhaul (30° 56' : 77° 51' 30"). A galena mine is reported 
here (B. 307). 

LIGNETE. 

ANDAMAN ISLANDS. 

Ball (71 — 11 , 236) notes the occurrence of nests of lignite in the 
Eocene sandstones of Ross and Viper Is., at Port Blair (11° 41' ; 
92° 43'). No continuous seam was found. Analysis 50-8 : 
Vol. =526-0 : Ash=23*2 per cent. (B. 118). 

ASSAM. 

Abor Hills. — A discovery of ' coal of a superior quality ' reported 
by Dalton (407 — 2) in the Dirjmu gorge at the foot of the Abor 
hills probably refers to lignite, fragments of which are of common 
occurrence in the Siwalik sandstones. Brown (211 — 5, 236, 252) 
has also recorded their occurrence between Pasighat and Janak- 
MUKH (28° 7' : 95° 17'). 


BENGAL. 

Darjeeling. — Nests of lignite are frequently found in the upper 
Tertiary sandstones at the outer edge of the hills. Herbert (827 — 7, 
124) noticed their occurrence in the Teesta valley, and a report on 
specimens from the Sivok or Chawa stream (26° 53' : 88° 32') was 
drawn up by Oldham (1326 — 5) in 1854. Pour specimens analysed 
by Piddington (1405 — 56 ; — 60) gave the following average result : — 
05=57-56 : Vol.=:30-08 : Water=8-20 : Ash=3-97 per cent. 

Jalpaiguri. — Deposits of lignite similar to those in the Darjeeling 
district have been noted by Godwin- Austen (669 — 7), near Bax a 
Port (26° 45' : 89° 38'). A deposit occurring about 2 miles to B. 
N. E. of Jainti (26° 42' : 89° 41') has been described by Hayden 
(793 — 3). It consists of sandstone containing isolated dogs of lignite, 
exposed over large areas, but not forming a continuous seam. The 
lignite contains only a small percentage of ash. 
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BOMBAY. 

Ratnagiri. — do Crespigny (4S0) has recoxded the discovery of 
beds of lignite at Ratnagiki (16° 59' : 73° 21'). The lignite occurs 
beneath about 37 ft. of laterite, and with the underlying blue clay 
measures 27 ft. in thickness. 

m 

BURMA. 

Chiiidwiii (Upper). — Richardson (1478 — 2 ; — 3, 68) and Grant 
(692 — 1, 149) have noted the occurrence of lignite in large quan- 
tities in the banks of the Chindwin R,, frona 12 to 14 miles above 
Kindat (23° 43' ; 94° 28'). 

myitkyina. — Griesbach (708 — 22 , 129) states that small quan- 
tities of lignite are occasionally brought to Myitkyina from near Talang^ 
(26° 60' ; 97° 29'), a village in the Kachin Hills, 16 miles to the 
N. N. W. of the Confluence. It is said to occur in a seam from 2 to 
3 ft, thick. 

Saiidoway. — Lignite has from time to time been reported to 
occur in the Arakan Hill Tracts, but ho deposit of value is known 
to exist. A sample from the neighbourhood of Kingtelli (Kyein- 
TALi, 18° 0' : 94° 31'), analysed by Walters (1880 — 4, 264), yielded : — 
C=33-0 : Vol.«66-4 : Ash=0*6 per cent. (B. 113). 

Shan States (S.). — A deposit of lignite, situated about 2 ^ to 
3 miles to the S. of Thigyit (Hsikip, 20° 24' 30" : 96° 46'), 
has been described by Jones (952 — 4, 190). The lignite occurs in 
seams 2 or 3 ft. in thiclaiess, and in one case 6 ft., alternating with 
clay, and has been traced for about a quarter of a mile. It is a 
lake deposit of recent origin. Analysis: — C= 30-22 : Vol. =36*26 : 
’Water=22-74 : Ash= 10-78 per cent. 

Middlemiss (1219 — 22 , 150) has noted the occurrence of similar 
deposits at two places to the S. W. of NANGdET (20° 48' : 96° 45'). 

CENTRAL PROVINCES. 

Raipur. — Bose (173 — 6) has described an occurrence of lignite 
in the bed of the Karun R. at Bhatagaon (21° 13' : 81° 41'), 3 
miles to the S. W. of Raipur. The lignite is found in logs with a 
maximum diameter of 6 ins., imbedded in peaty clay beneath the 
sand in the bed of the river. Analysis (average of 2 samples) : — 
0=29*15 : Vol. =48*60 : Water=16*70 : Ash=5-55 per cent. 

Similar deposits are said to occur at Ghugwa and Jumrao, in 
the same neighbourhood. 
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MADRAS. 

Malabar aud Travaucore. — The discovery of beds of lignite on 
the south-western coast of the Peninsula is due to Cullen (397 — 2) 
and Newbold (1294 — 17; — 33), who described their occurrence 
at Beptjr (ir 10': 76"^ 52 '),- Cannanore (11° 62': 75° 25'), and 
Warkalli (8° 44' : 76° 46') in the year 1840. The lignite occurs 
in lenticular masses varjring in thickness from a few inches to 5 ft. 
or more, beneath a covering of laterite (B. 68). 

Further information on the lignite* beds of Travancore has 
recently been supplied by Chacko and Masillamani (298, 8, 63, 73). 
The area occupied by the main mass of Warkalli beds is estimated, 
at 41 square miles, and the quantity of lignite available at 276 
million tons. 

NEPAL. 

Piddington (1405 — 4C ; — 79) has given analyses of two speci- 
mens of lignite from Nepal. One of these, from a locahty near 
Katmandu, contained: — 0=25*20:' Vol. =41*60: Ash=33*30 per 
cent. The other from Etaunda (27° ,26' : 85° 9' 30") in the Nepal 
Terai, contained : — 0=60*25 : Vol.=35*50 : Ash=14*25 per cent. 

NICOBAR ISLANDS. 

Fragments of lignite, occurring under conditions similar fco those 
in the Andaman Islands, were obtained in the Islands of Treis 
(Teressa), Kondul, and on the south side of the Great Nicobar by 
Hochstetter (846—1, 98) aird Rink (1487 — i, 210). Weathered 
samples found in the sand of the southern islands were analysed 
by McClelland (1117 — 30), but there is a possibility that these had 
been dropped by passing ships. The average results obtained were 
(3 samples) 0=40*1 ; Vol.=55*8 : Ash=4*l per cent. (B. 119). 

PONDICHERRY. 

Extensive beds of lignite were met with in the course of artesian' 
boring operations, carried out in the coastal flats between Pondi- 
cherry and Cuddalore about the year 1884, and a full description 
of the occurrence was given by King (987 — 3i, 194). At Bahour 
( 11° 48' 30" : 79° 48') a bed of lignite 35 ft. thick was passed through 
at a depth of 275 feet. At Aranganur, 2 miles to the N. N. E., 
two beds of 27 feet and 5| feet were met with at depths of 203 arid 
297 feet respectively ; and at Koniakovjl, 5 miles to the N. E. by 
N. of Bahour, a bed 50 feet thick at a depth of 330 fe^t. 

Analyses of the mineral quoted by King show v^ry discordant 
results, the amount of ash varying from about 7 to over 32 per cent.. 
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A. sample analysed by Mallet gave : — C=25-2 : Vol,=29*l : Water 
==35*3; Ash=10*4: per eent. ; but in a briquetted sample tbe pro- 
portion of moisture was reduced to 17-4 per cent., and the quantitjr 
of ash increased to 34 per cent. A sample of the natural lignite, 
analysed by Waddell, gave: — 0=37-720: Vol. =38-551 : Water= 
16-276 : Ash=7-451 per cent. 

PUNJAB. 

Mian wall. — The Jurassic lignite or 'jet coal" of Kalabagh and 
the neighbourhood has already been noticed under the heading 

COAL. ^ 

Rawalpindi. — ^In 1868 several deposits of lignite reported to- 
occur in the Murree hills were examined by Davies (432). The most 
promising was found on the east face of Nerh hill (33*^ 44' : 73° 
36'), but it did not extend for more than 30 feet, with a maximum, 
thickness of 16 inches. The deposits were also examined by H. B.. 
Medlicott (1197—15) and J. G. Medlicott (1199 — 4), who pronounced 
them all to be worthless from an economic point of view, 

(Occurrences of lignite in the south-eastern portion of the Punjab 
Himalaya are noticed below.) 

UNITED PROVINCES. 

Thin seams of lignite, and scattered logs of carbonised wood,, 
arc of common occurrence in the middle or sand-rook stage of the 
Siwalik group, and have given rise from time to time to reports of 
the discovery of coal at various localities along the base of the Hima- 
laya between the Sutlej river and the borders of Nepal. The most 
westerly occurrence noted is in the neighbourhood of Kalka (30° 50' : 
77° O'), where several outcrops were examined by Griesbacb in 
1891 {see King, 987 — 48 , 7). The most promising was found in, 
the bed of the Kassaulia stream above Tipra, but the average 
thickness of the seam exposed was not more than 2 or 3 inches. 

In 1828 Cautley (292—1 ; —5, 270) and Herbert (827—4) 
reported the occurrence of thin seams of lignite near Silani (30° 32' : 
77° 17') in Sirmur ; at the Timli (30° 21' : 77° 46'), Kalawala 
( 30° 16' 30" : 77° 53') and other passes leading into the Dehra Dun ; 
and in the Balia stream below Bhim Tal (29° 21' : 79° 37' 30") ; and. 
discussed the prospects of useful coal being found in these hills. 
None of the seams found was more than a few inches in thickness. 
Similar -cases have been reported by Eavenshaw (1462) to occur 
in the Dhela K. (29° 25' : 79° 4') and other streams issuing from 
the hills in the northern portion of the Moradabad district. 
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Prospecting operations were undertaken in 1901 by Agabeg (12) 
■on some lignite seams in tbe hills between Rajpuk (30° 24' : 78° 9') 
and the Jumna, under the impression that the rocks in which they 
occur belonged to the Talcher formation. Two seams of 6 and 9 
inches in thickness were opened up, but no useful deposit was found. 

Deposits of the same character, reported to occur on the Lans- 
downe road between the first and eighth miles from Kotdwaba 
( 29° 46' : 78° 36'), were examined in 1906 by Cotter and Brown 
(see Holland, 859 — 60, 33). They were found to be mere lenti- 
cular patches not exceeding a few inches in length. 

Samples of lignite from the Siwalik hills, analysed by Thomson 
(1774 — 2), contained from 39 to 54 per cent, of carboi, 16 to 48 
per cent, of volatile matter, and 4 to 30 per cent, of ash. 

UMESTONTE see under BUUDINGl MATERIALS. 

LITHOGRAPHIC STONE. 

No thoroughly efficient substitute for the lithographic stone 
imported from Germany has yet been found in India, but stone that 
answers the purpose fairly well has been met with at several places. 
As Ball remarked (71 — 45, 557), the indigenous stones are difficult 
to dress and polish ; and the fact that they are not used, at least 
to any appreciable extent, while high prices continue to be paid for 
European stones, is the strongest argument against their being 
of any substantial value. The credit of introducing the art of litho- 
graphy into India has been claimed by Rind (1486). 

BIHAR AND ORISSA. 

Sliahabad. — ^In a paper on the rise and progress of the litho- 
graphic art in India, Prinsep (1436—3) speaks highly of specimens 
of Vindhyan limestone from the bed of the Son R. at Rohtasoarh 
( 24° 38' : 83° 58') ; but Stewart (1703) says that on trial the stone 
was found to be too soft and friable for the purpose. These were 
probably weathered specimens ; for Mallet (1159 — 3, 113) quotes 
a report to the effect that samples sent to Calcutta were very sili- 
ceous and too thin for any practical purpose (B. 557). 

BOMBAY. 

Bijapiir. — ^Newbold (1294 — 24, 949) draws attention to a fine 
grained cream coloured limestone occurring in the Bhima series at 
Talikot (16° 28': 76° 22'); and again (1294—41, 273) to a pale 
buff coloured limestone of Kaladgi age at Bagalkot (16° 11' : 75° 
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46'), as apparently suitable foi? litbograpliy. Foote (696 — 12, 265) 
remarks that experiments on the value of these stones, made in 
Bombay and Madras, had apparently been unsuccessful, as no demand 
had arisen for them. Similar stone was noticed in the neighbour- 
ing district of Shorapur in Hyderabad by Meadows Taylor ( 1751 , — 2 ,. 
27), who says that it was used in the Revenue Survey Ofidce for 
printing village maps (B. 659). 

CENTRAL INDIA AGENCY. 

Rewali. — A sample of Vindhyan limestone, obtained by Shortrede* 
( 1628 ) at Barhwa hill (24° 33' : 81° 32' 30"), was favourably 
reported on by Black ( 136 ) ; but the specimen was so small that 
no definite opinion could be given. The stone was not found in 
situ (B. 558). 

CENTRAL PROVINCES. 

Damoli. — Franklin (616 — 3, 193) mentions the occurrence of 
thin bedded Vindhyan limestone in the valley of the Sonar R., 
in the neighbourhood of Hatta (24° 8' : 79° 40'), which he thinks 
would be sufficiently compact for lithographic purposes. No trial 
of the stone appears to have been made. 

Raipur. — Serviceable stones are said to have been found in this 
district, and were being used in 1866 at the Raipur Jail Press (B.. 
668 ). 

HYDERABAD, see BOMBAY above. - 
MADRAS. 

According to Balfour (69 — i, 38), the limestones of the Nerji 
stage in the Kurnool series, which are widely distributed in the dis- 
tricts of Kurnool, Guntiu*, and Kistna, furnish excellent material 
for lithographic purposes. The best varieties were obtained from 
the , valley of the Tungabhadra R. in Kurnool ; from Daohapilli 
(16° 36' : 79° 48') in Guntur ; and from Kondapilli (16° 37' : 80° 
36') and Jaggayapetta (Batavolb, 16° 53' 30" : 80° 9') in the 
Kistna 'district. Benza (110 — 4, 45) remarks that limestone simi- 
lar to that used in lithography occurs at Chintapilli (16° 42' : 
80° 12') on the Kistna R. (B. 557). 

PUNJAB. 

Miaiiwali. — Fleming (591 — 5, 265) mentions a yellow argilla- 
ceous limestone, probably of Jurassic age, occurring in the Bakh 
ravine near Namal (32° 40' : 71° 52'), as possibly suitable for 
lithographic purposes. According to Baden-Powell (60 — 1, Vol. 
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45), this stone is somewhat soft and not suited for work requiring 
.sharpness of definition (B. 559). 

RAJPUTANA. 

Jaisalmer. — ^In 1829 a yellow fine grained limestone, occurring 
at Deoei Chakardha, 5 miles to the N. W. of Huttu (? Hadda, 
27° 25' ; 70° 42'), was recommended by Boileau for trial as a litho- 
graphic stone {see Prinsep, 1486 — 3, 56). A report on this material, 
with full directions for grinding and polishing the stone, together 
with a reproduction of a drawing made upon it, was given by R. S. 
in a subsequent volume of the ' Gleanings in Science ' (1640). It is 
stated that the stone is not suitable for fine chalk drawings, but can 
be used for ordinary purposes with the usual materials (B. 558). 

UNITED PROVINCES. 

Almora. — ^Herbert (827 — lO, cxiv) mentions the occurrence of a 
:soft argillaceous limestone, resembling lithographic stone, near the 
village of GtJn (29° 32' : 80° 13'), on the descends from Pithoragarh 
to the Sarju E. 

MAGNESITE. 

BALUCHISTAN. 

Jhalawan. — ^Numerous veins of a white mineral, believed to be 
magnesite, were found by Vredenburg (1854—30, 211) traversing 
serpentine intrusions to the N. of Bania Pani, a camping ground 
7 or 8 miles to the S. of Wad (27° 20' : 66° 24'). The network of 
veins is said to be sometimes so dense as to render the hill slopes 
'entirely white. 

BOMBAY. 

Idar. — Considerable quantities of magnesite were observed by 
Middlemiss (1219—30, 53) in connection with the steatite deposits 
occurring near Dev Moei (23° 39': 73° 28'), also at Kokapur 
.(23° 31' : 73° 27'). 

MADRAS. 

Bellary. — Small veins of magnesite were noted by Poote (596 — ^ 
39, 136) at the south-eastern end of the Suji Konda ridge near 
Daroji (15° 15' 30" : 76° 43'), traversing hematite quartzites. 

Coorg. — Veins of magnesite in peridotites have been found at 
Serinoala (12° 22' 30" : 75° 34' 30"), and on the Cauvory R. above 
Praserpet (12° 27' : 76° 1' 30"), but no details have been pub- 
lished (862, 134). 
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Kiirnool. — Large quantities of magnesite are foimd in connection 
with steatite deposits at Maddavaeam (15° 30' : 78° 9'), and at 
Musila Chbeuvu near Betamoheeia (15° 27' : 78° 13'). The 
mineral is said to be of inferior quality ( 862 , 135). 

Salem. — C halk hills (11° 42' : 78° 1^)- . The most noteworthy 
deposits of magnesite in India are those of the ‘ Chalk hills,' situated 
between the town of Salem and the foot of the Shevaroy hills. The 
employment of the mineral in the manufacture of cement was pro- 
posed by Macleod in 1825, but the first adequate descriptions of the 
character of the deposits were given by Benza (110 — 2, 22) in 1836, 
and by Newbold (1294 — 29 , 161) in 1842. Full particulars, includ- 
ing an account of the geological relations of the deposits, were sub- 
sequently given by King and Foote ( 988 , 312) in their joint memoir 
on the geology of the district (B.' 438). 

More recently (1895), a detailed survey of this area was carried 
out by Middlemiss, from whose reports (1219 — 18 , 36; — 20 ), and 
that of King and Foote, the following particulars are taken. The 
magnesite occurs over an area of about 4§ square miles, forming 
an intricate network of veins, rarely exceeding 2 or 3 feet in width, 
and usually much smaller. Owing to their superior resistance to 
weathering, the veins stand out from the surrounding rocks, giving 
a peculiar rugged aspect to the surface of the hills. The relative 
proportion, by volume; of the magnesite to the whole of the rock 
is estimated bj^ Middlemiss (1. o., 37) as from one-half to one-third 
over an area of about 130 acres, and from one sixth to one tenth 
over an area of about 1,140 acres. The remainder of the tract 
contains only thin veins and patches of magnesite, impossible of 
•estimation. 

The intimate association of the magnesite with dunite, an ultra- 
basic rock of intrusive origin, was noted in 1892 by Holland (859 — s, 
144). Fvuther close study of the petrology of the area led the same 
obsciver (859 — 30 , 134) to the conclusion that the magnesite ori- 
ginated, not by the conversion of serpentine derived by the ordinary 
process of hydration from the olivine of the dunite, but independently 
through the action of carbonic acid upon the olivine, under 
conditions of high temperature and pressure. The alteration into 
magnesite is therefore not merely a superficial phenomenon, but may 
be expected to extend to a considerable depth. 

The economic development of the deposits, now carried on by 
the Magnesite Syndicate, Ltd., founded by H. G. Turner about the 
year 1900, has been described by an anonymous writer in the 
Quarry (35 — 04 ), and by Dains ( 405 ); while Burlton (234) has 
described the employment of the mineral in the manufacture of 
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cement. The greater portion of the magnesite quarried in Salem 
is lightly calcined on the spot, and as ‘ caustic magnesia ' has been 
Shipped to Europe for use as Sorel Cement in the manufacture of 
artificial stone, floorings, etc. ; but its purity renders it eminently 
suitable for employment as a refractory material in the lining ^ of 
furnaces. The production of ‘dead burned’ or ‘shrunk’ magnesia 
for this purpose has however practically been abandoned at Salem, 
owing to the cost of fuel (862, 131). 

Analyses published by Prinsep (1436 — 23 , 510 ; — 28 ), Gorup 
Besanez (683), and Dains (405), show that the mineral consists of 
46 to 48 per cent, of magnesia and 50 to 52 per cent, of ca.rbonic 
acid, with a very small proportion of lime and insoluble matter. 

The average annual production of lightly calcined magnesia at 
Salem, during the five years 1909 to 1913, was 2,159 tons, with a 
maximum of 4,380 tons in 1913. In 1914 the outturn fell to 399- 
tons; but a large increase took place in 1915, to 7,450 tons. 

Kanjamalai (11° 37' : 78° 7'). An occurrence of magnesite 
in a depression at the N. W. end of Kanjamalai hill was noted by 
Holland (869 — 5, 142) in 1892. According' to Middlemiss (1219 — 
18, 37) the area occupied by the dunite, in which the magnesite- 
occurs, is extremely small. 

Valaiyapatti (11° 7' 30" : 78° 17'). This locality is described', 
by Bang and Foote (988, 318) under the name Mtttunaikkenpatti, 
and lies about 3J miles to N. by E. of Valaiyapatti. The magne- 
site is exposed, according to Middlemiss (1219 — is, 38), over an 
area of about a mile by half a mile, and is present in extremely 
small quantity. 

Bang and Foote (988, 320) also mention the occurrence of small, 
veins of magnesite along the crest of a low ridge about a mile to the 
S. of Pavittibam (11° 8' 30" : 78° 25'), and in a small valley on the 
eastern side of Iswabamalai (11° 34' : 78° 28'). 

Trichinopoly. — Benza (110 — 2, 22) has recorded the occurrence 
of magnesite at Yedichicoltjm (?) near Trichinopoly, and a ‘ pipe 
containing magnesite,' the exact locality of which is not given, has 
been described by Ouchterlony (1348 — 2, 285). A hill lying some 
miles to the.N. W. of Musiri (10° 57': 78° 30') is also stated by 
Muzzy (1278, 92) to be partly composed of magnesite and brucite. 

King and Foote (988, 320 seq.) have described occurrences of 
magnesite, in the form of thin veins in travertine supposed to have 
been deposited by former springs, at the following localities : — 

About a mile to the S. of Kajaeipatti (11° 11' 30" : 78° 30"' 
30"). 
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Between Tirotpangali (10° 56' : 78° 42' 30") and Tiram- 

PALATAM. 

About half a mile to the S. E. of Valikandapuram (11° 19' : 

78° 69'). 

MYSORE. 

Hassan. — Veins of magnesite up to a foot in width are found, 
according to Sambasiva Iyer (1548 — 10, 61), in a patch of dunite 
on the eastern slopes of Ennahole Rangappanbetta (12° 47' : 
76° 20'), a hill situated about 3 miles to the E. of Hole Narsipur. 

t 

Mysore. — ^Deposits of magnesite, occurring at the following 
localities, have been described by Primrose (1431 — 8, 239 ; — 9) : — 

Mavinhalli (12° 13' : 76° 36'). Four deposits were found in 
the neighbourhood, of which the largest is situated to the W; of the 
village, and covers an area of about half a square mile. The 
magnesite forms a- Network of veins in a fawn coloured rock asso- 
ciated with hornblende schist and quartzite. The other three 
deposits lie to the north, and are much smaller in area. 

Kadxjkola (12° 11' : 76° 44'). Magnesite was found at nine 
places surrounding the village, under the same conditions as at 
Mavinhalli. The largest deposit lies about miles to S. S. W. of 
the village. 

A deposit of magnesite, said to be fairly large, occurring on a 
rise of about a mile to the S. W. of Kupya (12° 17' : 76° 63'), is 
mentioned by Balaji Eao (68 — l, 100). The same observer has also 
noted (68 — 5, 162) the occurrence of a small patch of the mineral 
about three quarters of a mile to the W. of Naoval (12° 20' 76® 
34'). 

RAJPUTANA. 

Dungarpur. — Daru (see Hayden, 793 — 31, 27) has reported the 
occurrence of considerable quantities of magnesite in the western 
portion of the State, on the same line of exposures as those noted 
by Middlemiss at Dev Mori and Kokapur, in the neighbouring 
State of Idar, Bombay Presidency. 

MANGANESE. 

Among recent advances in the development of the mineral 
resources of India, none is more striking than that of the manganese 
industry, which for some' years past has disputed with Russia the 
leadership in the world's production of the mineral, and in most res- 
pects holds the first place as regards the quality of the ore. The 

315 X 




MANGANESE. 


industry dates from the year 1891, when a Company was formed for 
the purpose* of opening up the deposits of the Vizagapatam district in 
the Madras Presidency. Before that year the literature of the subject 
was confined for the most part to casual references to isolated, 
occurrences of the mineral in various parts of the country, with the 
single exception of the ores of Gosalpur and Sihora in the Jub- 
hulpore district, which received much attention between the years 
1880 and 1890 ; though it has now been ascertained that the eco- 
nomic value of these ores, in comparison with that of the rich 
-deposits in other parts of the Central Provinces whose existence 
was then not even suspected, is of little practical importance. It 
was not until the industry had been established for many years 
in a sound and fl.ourishing condition that the subject was adequately 
dealt with by the Geological Survey ; but this reproach was removed 
in 1909 by the publication of Dr. Fermor's exhaustive nlemoir 
(577 — 32 ), of which Part I discusses the mineralogy. Part II the 
geology, mode of occurrence and origin. Part III the economic 
development and exploitation, and Part IV the distribution in the 
field, of the manganese ores of India. 

In addition to this work, from which the notes given below are 
mainly taken, information of a general character is supplied by the 
following writers : — 

1881. Ball (71 — 45 , 326-332). Summary of previous in- 
formation. 

1906. Fermor (577 — 14 ). Describes briefly the mode of 

occurrence, origin, and distribution of the manganese 
ores, with remarks on the prospects of the industry. 

1906. Holland (859 — 56 , 94). A summary of Fermor's in- 
vestigations. 

1906, 1908. Venator (1836 — i ; — 2). Essays on the 
demand for and valuation of manganese ores, and on 
their production and consumption by various countries. 

1907. Ghose (652—1). Compares the Indian manganese 
industry with that of Russia, Brazil,’ etc., with a brief 
account of the Indian deposits. 

1907. Martell (1178). Describes the mode of occun’ence of 
the Indian deposits. 

1913. Hanig (756). An account of the manganese deposits 
of British India. 

The economic aspect of the industry, especially the composition 
and valuation of the ores exported, are fully discussed in the Quin- 
quennial Reviews of Mineral Production (859—50, 55 ; 861, 128 ; 
862, 136). 
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In accordance with, their geological relations and mode of origin, 
"the manganese ores of India are classified as : — 

(a) Ores associated with the ' kodurite ^ series of Gan] am and 
Vizagapatam. The kodurites are a group of intrusive ig- 
neous rocks (possibly hybrids, see p. 352) consisting typi- 
cally of manganese garnet (spandite), orthoclase felspar, 
and apatite in varying propoi*tions. From these the man- 
ganese ores have been developed by secondary changes 
brought about by the percolation of aqueous solu- 
tions charged with carbonic acid and alkaline car- 
bonates, resulting iji the concentration of the man- 
ganese into ore bodies, accompanied by the formation 
of lithomarge, chert, and opal. The depth to which 
the ores extend is therefore proba;bly determined by 
that of the zone of weathering in past times. 

■(6) Ores occurring in the Dharwar rocks, cither as consoli- 
dated beds of chemically deposited manganese oxide, 
or associated with the " gondite " scries, a group of 
highly metamorphosed manganese — silicato-rocks result- 
ing from the alteration of the less pure manganiferous 
sediments. From these the ore bodies have been 
formed by subsequent oxy-alteration at considerable 
depths. It is believed that this alteration took place 
in late Arch^an times, and it follows that the ores 
n\ay bo expected to extend in places to as great a 
depth as the rocks of the gondite series (Fermor, 
577 — 36 , 9). Occasionally the ores are associated 
with crystalline limestone. The gondite ores are typi- 
cally developed in the Central Provinces. 

{c) Lateritoid ores, occurring in places on the outcrop of 
the Dharwar rocks, and formed by the surface replace- 
ment of the constituents of these rocks by manganese 
introduced in solution by percolating waters, sometimes 
with subsequent segregation. 

(d) Ores occurring in true laterites,, as in Goa. These 
are probably formed by segregation during the forma- 
tion of the laterito. 

In addition to these main groups, manganese ore is occasionally 
iound in rocks of various ages, from Purana (Bijawar, etc.) to 
Recent; but in none of these cases is the ore of any commercial 
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As regards the classification of the ores for commercial purposes^ 
the following scheme is proposed by Fermor (577 — 32, 500) : — 


s. 

Designation. 

Mn per cent. 

Fe per cent. 

I 

Manganese ores 

40—63 

0—10 

n 

ferruginous manganese ores 

25—60 

10—30 

.ni 

Manganiferous iron ores .... 

! 5—30 

30—65 

IV 

Iron ores . 

0—5 

45—70 


The following table of mean analyses of the different classes of 
ore is condensed from that given by Fermor (577 — 32, *612-513) : — 
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The production of manganese ore in^ India increased steadily 
from 674 tons in 1892 (at the Kodur mines, Vizagapatam) to a 
maximum of 902,291 tons in 1907. During the five years 1909 to 
1913, the average annual output was 712,797 tons. In 1914 the 
production amounted to 682,898 tonsj in 1915, owing to abnormal 
conditions, it fell' to 450,416 tons, but in 1916 it rose again to 
645,204 tons. 

N- jB. — Eeferences to Fermor’s memoir on the manganese ores of 
India (577 — 32) are denoted below by the letter F. 

ANDAMAN ISLANDS. 

Balmi Creek (13® 3' : 92® 53'), in North Andaman I. 

Nests of manganese were found in quart^iite of pre-Tertiary age by 
Tipper. They are of no economic value (F. 613). 

BALUCHISTAN. 

Jhalawau. — ^Fifteen tons of manganese ore were raised during 
1907 from a deposit at the foot of the Pab hills, about 70 miles 
from Karachi. 

Fragments of psilomclanc were picked up by Tij^por (1787 — 6, 
215) near the Shekran load mines (27® 53' : 66® 28'). The ore 
probably formed part of the gangue of the lead • ores (F. 613). 

BENGAL. 

Burdwan. — Piddington (1405—1, 173) gives analyses of iron ores 
from several localities not shown on the map. Two of these, from 
Malchaiti and Paolta Kanowa, arc manganiferous ores containing 
16 and 10-25 per cent, of manganese oxide respectively (F. 614). 

24-Pargaiias. — On the beach near Silver Tree G. T. S. (21° 58' : 
88° 12'), munerous small pisolites of manganese ore arc reported by 
T, Munro to occur just above high water mark. The origin of the 
nodules is not known (F. 631). 

BIHAR AND ORISSA. 

Oangpur.— G ariajhor (22® 3' : 84® 12'). Discovered by 
Schrager in 1907, and described by Fermor (577—37). Outcrops 
of manganese ore occur in a band of gondite rocks extending f^om 
Kendmal, S. W. of Gariajhor, to Kustjmmunba, about 3J miles 
to the N. E. The most important ore body forms the crest of 
Gariajhor hill, and is about 720 feet in length by 10 to 20 feet •^ick. 
Range of analyses : — ^Mn=45*48 — 58-64 : Fe“l-70 — 16-33 : Si02— 
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0-66 — 11-20 : !P==0-08— 0-15 per cent. Average annual ^ production, , 
1909 to 1913, 32,112 tons. In 1914, the output was 6,070 tons ; 
in 1916 nil ; and in 1916 2,832 tons. 

Btazaribagh.^ — ^In 1860 Piddington (1405 — 38) described a variety 
of manganese garnet from Eatkamsandi (24° 7' : 85° 16'), to which 
he . gave the name ‘ caldeiite.’ On analysis the mineral yielded 21 
per cent, of manganous oxide. Specimens of garnet from Sirsia. 
(24° 22' : 86° 17') also give a strong manganese reaction (F. 182^ 
615). 

Kalahandi. — Olatura (20° 20': 83° 35'). Manganese ore con-- 
taining 41-03 per cent. Mn was found by Walker (1872 — 3, 20) 
with iron ores on a hUl near the village (F. 616). 

nfanbham. — The iron ores from the Ironstone shales of the Ranir 
ganj coal field, used by the Barakar Iron and Steel Company, contain, 
a small percentage of manganese, ranging from 1-4 to 2-6 per . cent- 
(F. 614), 

Mayurbhanj. — ^Traces of manganese ore have been found by 
Bose (178 — 20, 17Q) near KtrLiANA, about 8 miles to the N. of 
Baripada (21° 66' : 86° 47'). The ore ' occurred in lateiite, close 
to an outcrop of banded blackish quartzite (F. 617). 

Mongliyr. — ^K atnowa hills (24° 57' : 86° 20'). Loose blocks 
of manganese ore are reported to occur at the foot of these hills 
and in the hill itself. A sample yielded on analysis 28-26 per cent. 
Mn with a little baryta. The quantity available is said to be small 
(F. 617). 

Singbbhum. — Chaibasa (22° 33' : 86° 62'). Ball (71 — 46, 146)' 
has recorded the occurrence of manganiferous hematite and limonite-- 
in a ridge to the S. of the town. The ores are of a lateritic character 
developed on the outcrop of Dharwar phyllites, sandstones, quartz-- 
ites and grits. Deposits have been located at the following places 
in this neighbourhood : — 

Bistampur or Matagota (22° 27' : 85° 51'). Ore occurs in a 
group of hills a quarter to half a mile to W. N. W. Area of largest;- 
deposit about l| acres ; in places 2 feet thick. Analysis : — ^Mn= 
46-89: Fe=l-37: Si02=3-16 : P=0-27 per cent. (F. 629). 

Gitilpi (22° 31' : 85° 52'). Psilomelane occurs in thin layers 
associated with limonite. Analysis : — 'Mn=48-01 : Fe=6-10 : SiO^. 
■=2-45 : P=0-35 per cent. (F. 626). 
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Kalenda (22° 29' : 86° 62'). Psilomelane occurs with limo- 
nite. Said to be about a foot thick (F. 628). 

Lagia (22° 32' : 85° 46'). Ball (71 — 46, 147) mentions the 
occurrence of iron ore rich in manganese. 

Matkamhattj (22° 32' : 85° 51'). Manganiferous limonite, 

portions of which contain 21 per cent. Mn, occur in a group of hill- 
ocks half a mile to E. S. E. of the road to Chaibasa. The highly 
manganiferous portion of the deposit is about 70 paces in length 
and 50 feet wide (P. 623). 

Tbkrasai (22° 31' : 85° 52'). Layers of psilomelane J to 1 inch 
thick, forming a nearly horizontal bed of ore from 16 to 21 inches 
in thickness. Covers only a small area. Analysis (picked sample) 
Mu=48-08 ; Fe=l-22 : SiO2=8-30 : P=042 per cent. (P. 626). 

Tutugxjtxt (22° 29' : 86° 50'). Deposit situated about 1 J mile 
to S. of village. Slates and phyllites with intercalated layers of 
psilomelane from J inch to 6 inch^ thick. About 1,000 tons of 
ore were extracted during 1907 (P. 628). 

Leda hill (22° 28' : 85° 26'). Discovered by Sauholle in 1907. 
The ore occurs at the crest of the hill, which is about half a mile 
in length, naixed with iron ores and containing residual patches 
of quartzite or slate. No large, qxxantity is available at any one 
spot (F. 630). 

During the years 1906 and 1907, 2,933 tons of ore were raised 
from the Gitilpi, Kalenda, and Tutugutu deposits. An output of 
607 tons of ore feom the district was recorded in 1916, and only 2 
tons in 1916. 


BOMBAY. 

Belgaum. — Bhimgad (16° 35' : 74° 21'). Foote (696—12, 66, 

269) records the occurrence of dark brown earthy wad, containing 
20 per cent, of manganese peroxide, as a product of weathering on 
the surface of dolomite near the east gate of the fort (P. 634). 

Manikbhri (16° 10' : 76° 8'). A vein of manganese ore, about 
3 inches in width, was observed by Newbold (1^4 — 41, 276) in 
Kaladgi quartzite (P. 633). 

Nagabgali (15° 24' : 74° 41'). Nodules of manganese ore in 
laterite are reported byMaclaren to occur here (F. 642). 

Nebsa (15° 35' : 74° 30'). Thin bands of manganese ore occur 
in soft ■ decomposed Dharwar schist. Forty tons of ore were ex- 
tracted in 1905 (P. 639). 

Talevadi (15° 33' ; 74° 22'). Discovifered by T. B. Kantharia, 
in 1904. Concretions of psilomelane with some pyrolusite and wad 
are irregularly distributed through laterite resting on Dharwar 
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scMsts and slightly manganiferous limestone. The concretions 
sometimes measure 3 feet in diameter but decrease in size and hard- 
ness with depth. At one spot the ore was compacted into a mass 
covering about 180 square yards, and 8 feet thick. Eange .of ana- 
lyses (14 samples) : — ^Mn=8*23 — 60-86 : Pe=51*88 — 0-10 : Si02= 

0.66—2-70 : P=0-011— 0-119 per cent. (F. 636). 

During the years 1906 to 1908, 2,778 tons of ore were raised 
from this deposit and despatched to Mormugao. 

The origin of the laterite at this locality, and of the ores accom- 
panying it, has been discussed by Maclaren (1134 — 6, 638). . 

Tawaroatti (16° 26' : 74° 44' 30"). Small quantities of psilo- 
melane and pyrolusite occur as nests and linings to cracks in quart- 
zite, about a mile to the E. of the railway station (F. 642). 

Bijapur. — Bao-alkot (16° 11' : 75° 46'). According to Aytoun 
(61 — 2, 33, 46, 49, 64, 57), fragments of manganese ore are scattered 
in considerable abundance on the surface between Bagalkot and 
Kaladgi, and in a valley on the further side of ai range of low hills 
S. of Bagalkot. Veins of manganese ore were alsd seen in limestone 
near the town. On the other hand, Foote (596 — 12, 31) says that 
he observed pyrolusite and psilomelane in this neighbourhood only 
in very small quantities (F. *640). 

Inglbswara (16° 39' : 76° 6'). Newbold (1894—32, 1002) men- 
tions the occurrence of veins of manganese in laterite, and of nodules 
containing cavities filled with impure earthy manganese, among 
the debris at the foot of laterite cliffs S. W. of the village (F. 640). 

Vadvati (15° 10': 75° 47') ^and Kelue (15° 

9' : 76° 60'). In 1840 Newbold (1294—16, 44) reported the dis- 
eovery on the Kappadgod range, about 2 miles to the B. of ‘ Chick 
Wodoorti,’ of a black mineral which was identified hy Braddook 
(186—2, 61) as manganese ore. The occurrence was afterwards 
described in greater detail by Newbold (1294 — 29 , 212). The ore 
occurs in masses of considerable size over a wide area. . Recent 
prospecting work has shown {see Maclaren, 1134 — 4, 128 ; Ahlers, 
16 — 1, 451) that the ore is developed on the outcrop of hematite 
quartzites of Dharwar age, and that it is too irregular in distribution 
and variable in quality to be of economic value. Range of ana- 
lyses (10 samples) : — ^Mn=19'45 — 38-48 : Pe=13-3 — 26-3 : SiOg™ 

7 — 31 per cent. (P. 644). ■ 

Similar deposits occur further to the south near Hamigi (15° 3' : 
75° 64'). 
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Shiuhatti (15® 14' : 75® 38' 30"). Fragments of manganese ore 
are said to have been found on the fields to the S: W. of the 
village (F. 646). 

Piforth Kanara. — S upa (15® 16' ; 74® 34' 30"). Lateritoid ores have 
been found over a wide area to the N. and N. E: of the village, 
resting on the outcrop of banded hematite quartzites of the Dhar- 
war series. The ores are not concentrated in workable quantity 
at any one spot. The quality is very variable, but the percentage 
•of silica and phosphorus is uniformly low (F. 649). 

Palanpur. — Rohu (24® 24' : 72® 42'). Some brownish jaspery 
quartzite with secondary psilomelane was found by Baidyanath 
Saha at a spot 2 miles to the N. of the railway station. Manganese , 
garnet was also found at Hoshanpur (24® 16' : . 72® 36') — (F. 660). 

Paueli Mahals. — S ivarajpur (22® 25' 30" : 73® 40'). The existence 
of manganese associated with magnetic iron ore in • this neighbour- 
hood was reported by Blanford (148 — 22, 341) in 1869. Develop- 
ment work has proved the existence of ore bodies of considerable! 
size, distributed along the crest of a ridge to the S. E. of the village 
for a distance of about 3 miles. The ores consist of psilomelane 
with some braunite, and pyrolusite^ formed mainly by replace- 
ment of limonite quartzites of the Champaneir (=Dharwar) series; 
but some compacted manganiferotis sediments may also be present. 
The deposits have been worked since 1906 by the Shivrajpur Syndi- 
cate, Ltd., and an adjoining deposit on Bamankua Hill. since 1907 
by the Bamankua Manganese Co., Ltd. Range of analyses (4 
samples) : — Mn=30*20 — 49-35 : . Fe=3-05 — G-25 : SiO2=2-80 — 40*65 : 
p=0.16— 0-25 : H20==0-30— 0-40 per cent. (F. 651). 

The average annual production of mangan(3se-orc in this district 
during the 11 years 1906 to 1910 was 29,257 tons, the output in 
1916, — 66,160 tons — being the highest recorded. 

RatnagirL— Aytoun (51 — 3, 82) has recorded an occurrence of thick 
veins of manganese ore in laterite at Rairt (Eedi, 15® 45' : 73° 43') 
Point. An output of 525 tons from the district was recorded in, 1910. 

^liota *U(laii«^^^ — output of 7,735 tons of manganese ore 

from Chota Udaipur is recorded in the returns of mineral pro- 
duction for 1914 (793 — 33 , 171), No description of the deposit 
has been published, hut it is said to be situated near the village 
oi Pani (22® 29' : 73® 51'). 
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(Narukot). — J othvad (22° 2S' : 73° 47'). The mode of occai- 
rence of manganese ore here is cited by Fermor (677 — 36, 4) as an 
indication that the alteration of the manganese silicates of the Dhar- 
war series took place in Archaean times. A small hill situated half 
a mile to the N. of the village consists of banded gneisses, including 
several varietie# of gondite and manganiferous limestones. These 
rocks are penetrated by intrusions .of Archaean granite, enclosing 
fragments of the manganese silicates and manganese ore, which were 
presumably in existence at the time of the intrusion. The ores are 
of no economic value (F. 646). . ■ 

(Bajpipla). — ^The iron' slags already noted under the heading 
IRON, neighbourhood of Limodea (21° 44' : 73° 12' 30"), are 

said to contain traces of manganese (F. 661). 

Satara. — ^At a nTimber of localities on the basaltic plateaus of 
Mahableshwar and Yeruli, concretionary nodules of psilomelane 
are found in some abundance scattered through clayey soil resting 
immediately upon decomposed trap rocks. The nodules usually 
occur near the base of laterite cappings, but have not been found 
in the laterite itself. They have probably been formed in the soil 
by the accretion of particles of manganese oxide derived from the 
trap. The quantity as yet observed at any one place is not suffi- 
cient to warrant exploitation. Eange of analyses (4 samples) : — 
Mn=37-58— 45-62 : Fe=4-40— 9-25 : SiO2=2-90— 4-75 : P=0-036— 
0-098 : H20=1-70— 2-50 per cent. (F. 661). 

Deposits have been found at the following localities : — 

Awkali 

Bheea'Cli 

Chikhli 

Lingmala J All in the neighbourhood of Mahableshwae (17° 

Mal-usae r 56' : 73° 43'). 

Mbtootae. 

SiNDOLA 

Teeowli ^ 

Kas (17° 43': 73° 52'). 

Khanapxje (17° 15' : 74° 47'). 

Wai (17° 57' : 73° 57'), on the TeruU plateau. 

BURMA. 

Amherst. — O'Eiley ( 1340 — ,3, 733) says that he found grey oxide 
of manganese in the ‘ secondary formation ’ on the Thaungtin 
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and Gyaing rivers. Its occurrence in tke district has also been 
reported by Mr. H. Thompson (F. 669). 

lusein. — ^According to Eomanis (1511 — 4), the surface soil at 
Engsein (IisrsEiN, 16° 53' : 96° 8') contains nodules and bands of 
inanganiferous iron ore (F. 669). 

Slagwe. — ^Romanis (1511 — 8, 2) has reported the occurrence of 
concretions of manganese oxide in the neighbourhood of Ybnang- 
YAUNG (20° 28' : 94° 54'), probably in the ‘ Fossil Wood ’ group 
(F. 669). 

* 

Mergui. — A black mineral occurring in considerable ‘quantities 
on the Thagit and Thbbabwin streams, tributaries of the Gt. 
Tenasserim E., and described by Tremenheere (1802 — 3 ) as wad,, 
was shown by Piddington (1405 — 24 ) to be a carbonaceous substance- 
containing no manganese. 

Manganese ore is reported by Mason (1185 — i, 48) and Anderson 
{see Mallet, 1159 — 60 , 61) to occur on some of the islands of the Mer- 
gui Archipelago, especially on Gna islet, Padaxt bay, King I. 
(12° 29' : 98° 25'). 

Specimens of tin stone collected by Hughes {see Records^ Q.. 
S . I ., XXIV, 136) at Kumong, near Maliwun (10° 14': 98° -39') 
were found . on assay to contain a large proportion of manganese,, 
present in admixed wolfram (P. 669). 

JHyingyan. — At the extreme north end of the ‘Kabat anticlinal, 
near Seiktein (21° 3' : 95° 19'), Pascoe (1869 — l, 248) noted the 
occurrence of blocks of a detrital limestone, consisting largely of 
bryozoan and foraminiferal tests, the material of which has ^been: 
replaced by brown oxide of manganese (F. 670). 

Sagaing. — ^Prinsep (1436—10, 16) has described a specimen of 
black oxide of manganese, forwarded by Major Burney from Ava. 
The locality is not mentioned (F. 671). 

Salween. — ^Wad was observed by Eomanis {see Mallet, 1169 — 50 „ 
62) as a thin film coating the rocks near Yetagon, a few miles above 
Yinbaing (17° 24' : 97° 49') on the Salween (F. 671). 

Toungoo. — According to Theobald (1763 — 16, 267), the nodular 
iron ore characteristic of the uppermost bed of the ‘Fossil Wood' 
group in eastern Prome is represented in Toungoo by tabular 
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masses and irregular nodules of manganese ore, on the low range of 
hills dividing the Yayuay and Seing Kyaung from the Sittang R. 
A sample analysed' by Tween yielded 28 per cent, of manganese 
oxide (P. 671). 

CENTRAL INDIA AGENCY. 

Bhopal.— Kanugaon (23° 15' 30" : 77° 26'). Irregular nodules 
■of psilomelane, up to 6 inches in diameter, apparently weathered 
out from Vindhyan sandstones, occur in the lower layers of the 
surface soil. The quantity observed is small (F. 672). 

^'imanpur). 1 “langanese ores of this , area are found 

replacing the matrix of a peculiar breccia, resulting, it is sup- 
posed, from the lateritiaation of the superficial Bijawar rocks before 
the deposition of the overlying Lameta (lower Cretaceous) formation. 
The following occurrences, none of which appears to be of economic 
importance, have been noted (F.' 672-676) : — 

Kanae (22° 28' ; 76° 12'), E. side of hill 925 feet. Small deposit 
consisting of patches of pyrolusite in quartzite breccia, not exceeding 
2 feet m thickness. 

Katotia (22° 24' 30" ; 76° 22'). Manganiferous and ferruginous 
sandstone with a calcitic cement. 

Kheeia Kund (22° 29': 76° 22'). Mixed wad and (x-lirc, 
•occurring in a tributary of the Ghorapachar R., to the N. of the 
village. 

Pan Ktjan (22° 32' : 76° 22'). Bijawar limestone coated with 
pyrolusite to a depth of 2 to 3 inches. 

PoLA Khal (22° 28' :• 76' 20'). Concretionary psilomelane 

forming the matrix of Lameta conglomerate. Analysis Mn= 
•20-29 : Ee=3-65 : P=0'016 per cent. 

Ratagaeh (22° 25' : 76° 17'). A single boulder consisting pro- 
bably of hollandite. 

W. S. W. of hill 888 feet (22° 27' : 76° 20'). Calcareous wad, 
probably replacing Bijawar limestone. 

Dliolpur.— A supposed occurrence of manganese ore at Kksae- 
BAGH (1) was found on investigation by Heron (see Hfiyden, 793— 
31, 21) to be of no economic value. The manganese is deposited 
in the form of thin plates along joint planes. 

. Ciwalior.— Some impure psilomelane has been found by K. D. 
Kulkarni on a hill situated a quarter of a mile to the S. of Beiiat 
( 26° 10' : 78° 36'), in the Gwalior (=Bijawar) series. Mallet (1169 
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— 50, 59) also records tlie receipt of specimens of manganite from, 
the State (F* 676). 

Indore. — ^Manganese ore occurs under the same conditions as 
in the Dhar Forest at the following places (F. 676) : — 

Babel (22° 23' : 76° 7'). In a band of siliceous Bijawar breccia.. 

Bhamab (22° 21' : 76° 43'). Black impregnations in breccia 
associated with Bijawar rocks, 

Kanab E. (22° 26' : 76° 13'). Wad forming the matrix of sili- 
ceous breccia. The same mineral also occurs in breccia and in 
Laineta grits, in a small tributary of the Kanar E., about 3 miles 
to the N. E, of Katktjt (22° 25' ; 76° 10'). 

Jhabua. — Kajlidongbi (22° 57' : 74° 32'). The ores here are- 
associated with sericitoid phyllites, gondite rocks, and' quartzites 
belonging to the Aravalli series. They form a bed about 20 feet 
thick, kept at the surface by a series of folds in such a manner that 
the apparent thickness of the ore body preaches about 250 feet. The 
outcrop extends for a length of about 1,000 yards. The 
deposit is of a complex character, the northern portion consisting 
largely 6i braunite resulting from the alteration of the gondite,, 
while the southern portion is a fine grained mixture of psilomelane- 
and braunite, partly representing original manganiferous sediments,, 
and partly due to the replacement of the quartzites by manganese- 
oxide. lUnge of analyses : — ^Northern portion, Mn=46 — 52 : Fe= 

8 — 9 : Si02=7 — 11 : P=0*16 — 0-30 per cent. Southern portion,. 
Mn=46— 48 : Fe=8— 9 ; Si02=6— 9 : P=0-08— 0*26 per cent. Both, 
varieties contain a small percentage of baryta (F. 679). 

This deposit produced 190,519 tons of ore between the years 
1903 and 1913 inclusive. Since the year 1910 the output has 
declined. In 1914 it was 6,642 tons, and in 1915 it fell to 366 tons, 
whilst no production was recorded for 1916. 

Eambhapub (22° 55' : 74° 33'). The existence of an outcrop 
of manganese ore at ^iploda, half way between Kajlidongri and 
Eambhapur, indicates that these deposits are genetically con- 
nected. That at Eambhapur is composed of alternate layers of 
ore and red quartzite, forming a bed probably 10 feet thick, re- 
peated by folding. Length of outcrop about 250 yards. Average ^ 
analysis (2 samples) : — Mn=40*lO : Pe=6-88 : Si02=8-65 : P=. 

0*175 per cent. (F- 687). 

Manganese ore has also been observed by ll. Walker (see Holland,. 
859-~60, 47) at i— 

Amlamal (23° 0° : 74° 28' 30"). A thin lode in fine grained, 
spessartite-quartz rock. 
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PiTOL (22° 47' : 74° 31' 30"). Low grade ore, interlaminated with 
quartz, occurs in a mound about a mile to the S. E. of the village. 

Tumdia (22° 45' : 74° 32'). A small outcrop of white quartz- 
ite, 2 to 3 feet in width, containing veins and lenticles of manga- 
nese ore. Boulders of a similar rock were seen between Nagan- 
kheri and Mandli, close to Tumdia (P. 689). 

CENTRAL PROVINCES. 

Balaghat. — The manganese deposits are ccTnfined to a belt of 
country about 75 miles in length, and 9 noiles in width, stretching 
across the central portion of the district from W. S. W. to E. N. E. 
In that portion of the belt which lies to the east of the Wainganga 
E., the ores occur near the base of the Chilpi Ghat series, a group 
of slaty and schistose rocks probably representing the Dharwars, 
but comparatively free from the intense metamorphism which has 
affected this system in other areas. To the west of the river the 
ores occur among more highly metamorphosed rocks, with which are 
sometimes associated calcareous gneisses ; the former were considered 
by Eermor to represent a more highly altered facies of the 
Chilpi Ghat series ; but it is possible, as Burton has shown {see 
Middlemiss, 1219 — 31 , 131), that the whole of these rocks belong 
to an older group of altered sedimentaries, called by him the 
Sonawani series. 

Proceeding from west to east, ore deposits have been noted at 
"the following locahties : — 

I. West of the Wainganga : — 

Chandadoh (21° 42' : 79° 44'). A band of quartz^e gondite, 
with a little soft black manganese ore, exposed about three quarters 
•of a mile to the E. of the village (P. 698). 

Thirori (21° 41' : 79° 47'). Five parallel ore bands are exposed 
in places, but usually from one to three only, over a total length of 
outcrop of 6 miles, between the villages of Jamrapani and Ponia. 
The bands are due to the repeated folding^^^of a single bed of ore. 
Much* of the ore is of high grade, consisting of a hard grey 
mixture of psilomelane and braunite, and ' speckled ore,' a 
lead-like variety of psilomelane containing cavities filled with 
black powdery ore. The deposit produced 218,040 tons of ore, 
from 1902 to 1913 inclusive. Analysis (average of 6 samples) : — 
Mn=52*29 : Fe=7-77 : Si02=3-86 : P=0-11 ; H2O=0*38 per cent. 

(F.^698). 

SoNEGAON (21° 41' : 79° 50' 30"). Interbanded grey quartzite 
and gondite with a little manganese ore, exposed about a quarter 
of a mile to S. W. of the village (P. 706). 
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Aejoni (21° 46' : 79° 67' 30")— Jam (21° 46' : 79° 56'). Out- 
crop about bal£ a mile in length, consisting of interbanded quartzite 
and gondite, -with patches of ore of doubtful economic value 
(F. 706). 

Nandgao’n (21° 49' : 79° 68' 30"). An obscure outcrop of 
gondite and manganese ore, half a mile to W. 15° S. of the 
village (F. 708). 

Rambama (21° 51' : 79° 59'). Outcrop about three-eighths of a 
mile in length, forming a low ridge about a mile to N. E. of the 
village'. One or two ore bands are exposed, consisting mainly of 
good quality ore. Analysis : — ^Mn=62-78 : I'e=7-83 : Si02=6-35 : 

P=0-09: H20=0-22' per cent. (F. 708), 

Katangjhbei (21° 60'; 80° 2') (a), (Shodan Hurki) about 2J 
miles to 17. N. W. of village. Outcrop about 600 yards in length. 
Hard grey ore interbanded with quartzite, passing into soft ore poor 
•in quality towards the east. Analysis ; — ^Mn=63-96 : Ee=5-97 : SiOg 
=6-02: ■P=0 04: H20=0-23 per cent. (F. 710). 

(6) About a mile to "W. 15° N. of village. Outcrop nearly half 
a mile in length, consisting of quartzite with bands of spessartite 
rock partly altered to ore. The only workable portion, near the 
N. W. end" of the outcrop, consists of ‘speckled ore.' Analysis: — 
Mn=49-08 : Fe=6-63 : Si02=l-62 : P=0-11 : H20=0-86 per cent. 
(F. 711). , 

Bhui Htjrsi (21° 62' : 80° 2'). Ridge composed of spessartite- 
bearing rock, half a mile to E. of village (F; 713). 

Ballaepub (21° 54' : 80° 6'. "I 

Bakoda (21° 65' : 80° 7'). > Ore said to have been found in situ. 

Botajhaei (21° 49' : 80° O '). ) 

Chaukhandi (21° 43' 30" : 79° SO').") 

Chikmaea (21° 44' : 79° 51'). 

SiEPUE (21° 47' 30" : 79° 57'). 

Koohawahi (21° 48' : 80° O'). . ^Fragmentary ore. 

Bxjdbuda (21° 47' 30" : 80° 2'). 

Saonei (21° 41' : 79° 52'). 

Nandhi (21° 41' : 79° 53'). 

A paleolithic implement made of manganese ore, found near 
Budbuda, has been described by Fermor (577 — 35 ). 

The following additional localities have been recorded by Burton 
(.<.ee Middlemiss, 1219 — 31 , 116) : — 

Gola Hueki (?). Band 15 feet thick. 

Netea (21° 51' : 80° 4'). Band 16 feet thick. 

Biahtekoe (21° 54' : 80° 5'). 

Chibaegiiat stbeam (21° 48' : 80° 1'). 
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II. East of tEe Wainganga.’ 

Balaghat (21° 48' ; 80° 1-5'). The deposit is situated about 
2^ miles to the N. E. of the town of Balaghat, on a spur from the 
Baihar plateau. The total length of the ore band is If mile, and. 
the maximum thickness about 45 feet. It consists in part of dull 
grey psilomelane, sometimes containing cavities filled with black 
powder, and in part of light-grey crystalhne hollandite, and is 
interbanded with red and black quartzite often replaced by manga- 
nese ore. The deposit has been worked, since the year 1901, and has 
produced, to the end of 1913, 725,248 tons of high grade ore. Ana- 
lysis Mn=52-63 : Fe=5-28 : Si02=2-62 : P=0-05 ; H20= 

0-12 per cent. (F. 714). > 

Laugtje (21° 56' : 80° 25'). Ore band about 2,000 yards in length, 
and 2| to 6 feet in width, about half of which is waste (F. 726). 

Ghondi (21° 56' : 80° 29'). An ore band is reported to occur 
here on the horizon of the Balaghat deposit, but no details are given. 
(F.727). 

Ukua (21° 58 : 80° 32'). The ore band occurs on the Same 
horizon as at Balaghat, and is exposed for a tothl length of 3 miles. 
The maximum thickness observed is about 19 feet." The ore is 
variable in composition, the south-western portion of the band con- 
sisting mainly of hard grey, often cavernous, psilomelane ; while 
the north-eastern portion consists of a mixture of psilomelane and 
braunite. It is interbanded with quartzite and some gondite. 
Analysis (average of both varieties) : — ^Mn=51-54 : Fe=7-38 : 

Si 03 = 3 - 86 : P=0-18 : H20=0-35 per cent. (F. 727). 

Manganese ore is also reported from the following localities, 
but without details (F. 732) 

Dharampue (21° 58' 30" : 80° 37'). 

Kanaridha (21° 58' : 80° 39'). 

Jairasi (22° 4' : 80° 62'). 

Ktjrthitola (21° 57' : 80° 18'). In scattered blocks. 

Paesatola (22° 2' : 80° 50'). Pebbles of lateritic ore. 

Dharpiwara (21° 53' : 80° 15'). Pisolitic nodules of mixed 
oxides of iron and manganese. 

Bodraghat (22° 8' : 80° 47'). Quartz partly replaced by pyro- 
lusite and psilomelane. 

The average annual production of manganese ore in the Balaghat 
district, during the five years 1909 to 1913, was 159,156 tons. In 
1914 the output was 221,159~ tons, in 1916, 180,609 tons, and 
in 1916, 264,032 tons. 
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Bhandara. — ^The manganese ore deposits of this district occur 
as lenticular* bands, associated with, gondite rocks, in a series of 
quartzites, schists, and . gneisses, which forms an extension of the 
manganiferous zone of western Balaghat. These rocks occupy an 
area 20 miles in length, with a maximum width of 18 miles, in the 
north-western portion of the district. Three groups of deposits 
have been distinguished. 

Grroup I : — 

KostJMBAH (21° 38' : 79° 42' 30"). Outcrop seven-eighths of a 
mile in length, forming a line of low hillocks about a mile to the 
IT. W. of the village. There are possibly three lenticles of ore on 
one line of strike. Of these the most southerly consists of a fine 
grained mixture of psilomelane and braunite, while those to the 
north, where the outcrop is from 20 to 26 feet wide, mainly 
consist of ' speckled ore." Analysis (average of both varieties) : — 
Mn=60-62 : Fe=10-10 : Si02=3-95 : P=0-138 : H2O=040 per cent. 
(P. 736). 

SiTAPATHUR (21° 42' ; 79° 43' 30"). Ore band traced at intervals 
for a total’ distance of If mile. Width from 12 to 20 feet. The 
principal ore body occurs on Sitapathur hill, where it consists of a 
hard grey mixture of psilomelane and braunito. In other places it 
is represented by spessartite-bearing rock with patches of ore. 
Analysis Mn=61'70 : Pe=:8-14 : Si02=:6-19 : P=0*10 : H 2 O 

=0-17 per cent. (F. 739), 

SuKLi (21° 39' : 79° 44'). Probably an extension southwards 
of the Sitapathur band. Total length of outcrop about 460 yards. 
The ore is variable in character, consisting partly of ^ speckled ore ' 
and partly of the braunite-psilomelane mixture. Total production, 
1905 to 1913 inclusive, 123,715 tons. Analysis : — ^Mn=64*07 : Pe 
=:4-30 : Si02=2*30 : P=0-13 : H 2 O=l -00 per cent. (P. 742). 

Hatora (21° 37' : 79° 62' 30"). Ore band over hah a mile in 
length. The outcrop consists mainly of gondite with little visible 
ore, but on development an ore body of workable dimensions was 
met with. Average analysis (2 samples) : — ^Mn=52-'70 : SiO2=7-10 : 
P=0*071 per cent. (P. 744). 

Miragpur (21° 38 : 79° 64'). Six separate masses of ore are 
exposed on a group of low hillocks situated to the E. of the village. 
Those are probably remnants of a single ore band, broken up by 
violent oarth movements. The ores consist mainly of the hard grey 
braunite-psilomelane mixture, interbanded with quartzite and 
gondite. There is also a considerable quantity of talus ore. Total 
production, 1905 to 1913 inclusive, 131,197 tons. Analysis: — ^Mn= 
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49-81: Fe=8-74: Si02=5-89 : P=0-09 : H2O=0-34 per cent. 

(F. 746). 

Mohugaon Ghat (21° 37' ; 79° 54'). Outcrop of gondite 4 feet 
in ■width, partly altered to manganese ore (P. 750). 

Pandaewani (21° 36' 30" : 79° 54'). Detrital ore, derived from 
the Miragpur deposit. Fragments of ore also occur about 350 yards 
to E. S. E. of the tank situated on the S. E. side of the village (F. 
750). 

Saiebaddi (21° 40' : 79° 66'). A small quantity of detrital ore, 
found in pits situated about | mile to E. 12° S. from the village 
(F. 750). 

Chikhla n (21° 41' : 79° 58). A small quantity of detrital ore 
of good quality. Analysis: — ^Mn=53-76 : Fe=5-12 : Si02=6-47 : 

P=0 06 : H20=0-64 per cent. (F. 750). 

Group n:—'! 

Exjemuba (21° 32' : 79° 44'). Outcrop about IJ mile in length, 
forming the crest ‘line of a range of hills. Maximum 'width of the 
ore band 40 feet, measured horizontally. .It consists of gondite, 
altered in places into ore of good quality ; partly a mixture of brau- 
nite and psilomelane, and partly of pyrolusite 'with psilomelane, 
the latter probably predominating. There is also a considerable 
quantity of detrital and pisolitic ore. Average analysis (3 samples) : 
— Mn=51-ll : Fe=5-58 : SiO2=4-09 : P=0-22 : H2O=0-34 per 
cent. (P. 761). 

Chikhla I (21° 33' : 79° 49'). Ore band traceable for about 2f 
miles, -with a maximum width of 80 feet, measured horizontally. 
The principal ore body occurs near the western end of the band on 
Bhamasur hill, and consists of the braunite-psilomelano mixture 
with numerous bands of gondite and quartzite, traversed by veins 
and strings of quartz. There are also deposits of talus ore from 10 
to 16 feet in thickness. Total production, 1901 to 1913 inclusive, 
384,462 tons. Average analysis (9 samples) : — ^Mn=50-69 : Fe= 
7-95 : SiO=8-16 : P=0-114 per cent. (F. 755). 

SiTASAOBTGi (21° 31' : 79° 48'). Four parallel ore bands, occur- 
ring along the crest and northern slopes of Dholi hill. The throe 
northern bands are from 2 to 3 yards in width, and consist of 
gondite with patches of manganese ore, probably of little economic 
value. The main ore band, forming the ridge of the hill, is trace- 
able for about 1,200 yards, and varies in width from 12 to 53 feet. 
It is composed of interbanded gondite and quartzite, with patches 
of Workable ore towards the eastern end of the outcrop. There is 
also a fair quantity of talus ore on the southern slopes of the hill. 
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Average analysis (2 samples) : — Mn=53*29 : Fe=4*83 : Si02= 

'6-26 : P~0-085 : H2O=0*21 per cent. (F- 760). 

Asalpani (21*^ 30' : 79° 43'). Outcrop about three quarters of a 
mile in length, consisting of gondite interbanded with quartz and 
quartzite, partly altered into very siliceous ore. No workable ore 
is visible at the surface (P. 763). 

Karli (21° 30' : 79° 46'). Outcrop situated on the . S. E. slope 
of a hill known locally as Saya Hurki, about a mile to the N. W. 
of the village. The ore band exposed is about three-eighths of 
a mile in length, varying from 2 to 12 feet in width. It is 
very variable in character, consisting of spessartite and rhodonite 
roclc partly altered to ore, interbanded with vitreous .quartzites. 
Ore bodies*^ of variable quality occur in places, and Inhere is a 
•considerable quantity of talus ore (P. 765). 

G roup III : — 

Pachara (21° 26' 30" : 79° 50'). The ore band forms a practically • 
horizontal, lenticular bed, cropping out on the southern and south- 
eastern slopes of a quartzite hill, about a mile to W. N. W. of the 
village. The thickness of the bod varies from a few inches to 
feet. It is composed of the psilomelanc-braunite mixture passing into 
soft dirty ore in places, mixed with limonite. Analysis : — ^Mn= 52*09 : 
Fe=-3*86 : Si02=2*61 : P==0-166 : H20=l*16 per cent. (P. 767). 

The average annual production of manganese ore in the Bhandara 
district, during the five years 1909 to 191!3, amounted to 118,961 
tons. In 1914 the output was 82,055 tons, in 1916, 78,627 tons, and 
in 1916, 86,344 tons. 

Hilaspiir. — Two occiirrences of manganese ore, in rocks inapped 
by King (987 — 32) as belonging to the Chilpi Gliat series, have been 
briefly described by Formor (577 — 34). Neither of these appears 
to be of economic importance : — 

Ratanpub (22° 17' : 82° 14'). Fragments of psilomelane, pyro- 
lusite and wad, scattered over the eastern slopes of a hill situated 
about a mile to N. E. of the village. The ores have apparently 
been formed by the surface replacement of felspathic grits* and 
quartzite, which were found to be cemented and veined by ore 
within a depth of 6 feet, passing downwards into unaltered rock. 

Gorakona (Kamrakhol, 22° 19' : 81° 26'). The deposit con- 
sists of nodular fragments of psilomelane and pyrolusite, with 
remnants of quartz, chert, and quartzite, and has been traced* for 
about three quarters of a mile along the foot of a hill between Gora- 
kona and Munmuna. 

y2 
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Clilliudwara. — ^Tke manganiferons deposits of tkis district are 
confined to a portion of tlie valley of tlie Kanhan E., which, has cut 
down through the basaltic lava flows of the Deccan Trap formation, 
and . exposed the underlying floor of Archaean rocks. The area in 
which the deposits occur measures 17 miles, in length from north 
to south, with an average breadth of about 7 miles. The geology 
of the area has been briefly described by Datta (424 — 4 ), and with 
special reference to the petrology and occurrences of manganese 
ore by Fermor (577 — 6). The ores, associated with manganese 
silicates (gondites and rhodonite-bearing rocks), form lenticular bands 
intercalated along the strike of a complex series of metamorphic 
rocks traversed by intrusive granites and pegmatites. Ore depo- 
sits have been found at the following localities, proceeding from 
north to south : — 

Kachi Dhana (21° 43' : 78° 51'). The outcrop of the ore band 
forms a line of five hillockSj from 20 to 40 feet in height, extending 
westwards from a point south of the village for about half a mile. 
The hillocks apparently correspond to the development of separate 
lenticular ore bodies along the hne of strike. The ore varies in 
composition, part consisting of a compact mixture of braunite and 
psilomelane, and part of finely crystallme braunite, with a good deal 
of unaltered spessartite rock, quartz and felspar, in places. A mass 
of pyrolusite, with geodes of calcite and quartz, was found in the 
most westerly hillock. A considerable quantity of high grade ore 
is available. Total production, 1906 to 1913 inclusive, 140,406 
tons. Range of analyses (9 outcrop samples): — ^Mn=51-87 — 
66-82 : Fe=2-82— 5-30 : SiOg^l-lO— 16-27 : P=0-004--0-135 per 
cent. (P. 773). 

GtAImukh (21° 46' : 78° 64'). A lenficular body of ore 60 yards 
in length by 20 yards in breadth, forming a small hillock situated 
on the southern side of a low ridge of quartzite. Only the central 
portion of the deposit, about 20 yards long and 7 yards broad, 
consists of high grade ore, mainly braunite, the remainder being 
less altered rhodonite-spessartite rock. The ore contains a certain 
proportion of unaltered rhodonite and rhodochrosite, and is con- 
sequently highly siliceous. Analysis : — ^Mn=54-98 : Fe=6-19 : 
SiO2=10-63 : P=0-044 per cent. (E. 781). 

Three small outcrops, consisting mainly of braunite, were found 
near Lakhanwaua village, about 200 yards W. of the Gaimukh 
deposit, but these have been worked out (P. 780). 

Sitapar (21° 44' ; 78° 55'). The outcrop forms an 'elliptical 
hillock, 27 yards in length by 23 yards in breadth, and 20 to 26 feet 
high, surrounded by alluvium, situated about three quarters of a 
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mile due W. of tlie village. On development tie 'ore body was found 
to be 158 feet in length, and 133 feet thick, including small intru- ' 
sions of pegmatite. The composition of the ore is unique, including 
six different minerals, among which are hoUandite, sitaparite, and a 
white arsenate with phosphate (fermorite). Average analysis (2 
samples from outcrop) : — ^Mn= 54-77 : Fe=6-96 : Si02=7-42 : 
!P=0-089 : As=0-032 per cent. (F. 785). 

Bichtta (21° 41' 30" : 78° 55'). A band of spessartite quartz 
rock is exposed at intervals ' for about half a mile, forming a 
range of small hillocks lying to th.e S. of Burar hill. The rock 
is only partially altered to ore (F. 789). 

Aibsue (21° 43' ; 78° 57'). An outcrop of crystalline limestone with 
inclusions of spessartite and rhodonite, passing into gondite partially 
altered into ore. The occurrence is of no economic value (F. 790). 

Devi (21° 42' 30" : 78° 57'). An irregular band composed mainly 
of spessartite, rhodonite, and rhodochrosite, traceable for about 
a mile along the northern side of a range of low hills of crystalline 
limestone and caloiphyre. The amount of ore is small and it is of 
low grade. Analysis ; — ^Mn=48-95 ; Fe=7-03 : Si02=4-98 : !P= 

0-283 per cent. (F. 790). 

Ghoti (21° 38' : 78° 56'). Two parallel ore bands are exposed, 
about 750 and 440 yards in length respectively. The shorter band 
contains the most ore, which is mainly a mixture in about equal 
proportions of braunite and psilomelane, with intercalated quartzite 
and felspathic bands. Analysis : — ^Mn=49-56 : Fe=57-71 : Si02= 

8-74 : F=0-279 per cent. (F. 792). 

Wagoea (21° 36' : 78° 52'). Six parallel bands of gondite 
associated in places with rhodonite partially altered into ore are 
exposed, intercalated with granuhtes, gneisses, and schists. The 
ore is small in quantity and of very low grade (F. 794). 

Gowabi Wabhona (21° 32' : 78° 53'). Ore band with an average 
thiclcness of about 6 feet, proved for a total length of 1,600 feet. 
The ore is of good quality, except towards the S. E. end of the out- 
crop, whore it passes into gondite. Development work has shown 
that the band is much broken up in places, and traversed by dykes 
of pegmatite (Formor, 577 — 36, 5). The ore consists of braunite, 
psilomelane, and hoUandite in varying proportions. Analysis : — ^Mn= 
53-59 : I'e=6-00 : Si02=6-21 : P=0-074 per cent. (F. 796). 

Dudhaea (21° 30' : 78° 57'). Two bands of spessartite-quartz 
rock, exposed at the base of Dudhara hill, on the S. E. side. The 
rock has xmdergonc little alteration (F. 801). 

The average annual output of manganese ore in Chhindwara, 
during the five years 1909 to 1913, was 26,732 tons. In 1914 the 
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production amounted to 87,114 tons, in 1916 to 46,941 tons, and 
in 1916 to 53,977 tons. 

Hosliungabad. — Sontalai (22° 21' : 76° 56'). A small outcrop 
of impure wad, probably due to the superficial replacement of a 
siliceous rock, is exposed in the road at the west end of tbe village. 
The ore contains only 16*73 per cent, of manganese, with small 
quantities of cobalt, nickel, and copper (F. 802). 

Jubbulpore.— The existence of manganese ore deposits at Gosal- 
pur was first brought to notice in 1875 by Mr. Olpherts. In 1879 
Mallet (1169 — 18) published an analysis of the ore, with a brief note 
by Medlicott on its mode of occurrence ; and further allusion to 
the deposits was made by Mallet (1159 — 37 ), in connection with a 
project for utilising the-manganiferous iron ores of this area, when 
the lateritic origin of the manganese ores was pointed out and dis- ^ 
cussed. A considerable amount of prospecting work was pibse- 
quently (1887-88) carried out by E. J. Jones and P. N. Bose, and 
the results were published in two separate papers (178 — 9 ; — 11 ),. 
the first containing a detailed account of the distribution of the 
deposits, while the second deals with the geology of the mangani- 
ferous tract and the origin of the ores. 

The deposits are found on the outcrop of two formations, con- 
stituting the Lora group, a local member of the Dharwar (‘Bijawar ’) 
series. This group has been subdivided by Bose into the Sihora 
beds, consisting of slaty shales and banded hematite quartzites, 
and, underlying these, the Gosalpur quartzites. The manganese 
bearing area occupied by these rocks is of a roughly elhptical shape, 
corresponding with a synclinal basin about 20 miles in length from 
N. E. to S. W., and from 3 to 5 miles in width, extending from the 
Lora range, N. E. of Sihora, (23° 29' : 80° 10') to Marhasan (23° 
21' : 80° 3'). 

«j^The ores are entirely of a- lateritoid character. Those which 
occur on the outcrop of the Sihora beds consist of manganiferous 
hematite and psilomelane, resulting from the concentration at the 
surface of manganese oxide derived from the hematite quartzites,^ 
which are themselves feebly manganiferous. In the final stage the" 
iron ore is .almost entirely replaced by psilomelane, the original 
structure of the rock being practically obliterated. Oh the outcrop 
of the Gosalpur quartzites the ore has been developed by the 
gradual solution of the silica and its replacement by manganese 
oxide, usually in the form of pyrolusite, so that there is a passage 
downwards from comparatively pure ore at the surface into fresh 
quartzite. 
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The principal deposits occurring in this area are : — 

Kasai hill (23° 31' : 80° 8'). A bed of manganiferous limonite, 
from 36 to 50 feet in width, forms a capping to the hill. In places 
the limonite is filled with a network of veins of psilomelane, occa- 
sionally passing into pure ore. The deposit could not profitably 
be worked as a source of manganese ore alone (F. 820). 

Daeshani (23° 30' ; 80° 8'). Manganiferous limonite,* of the 
same description as that on Kasai hill, forms a capping on a hill 
five-eighths of a mile to the N. of the village (F. 821). 

Mansaicea (23° 30' : 80° 10'). The deposit here consists of 
brecciated quartzite cemented by pyrolusite, and limonite with 
veins of pyrolusite and psilomelane. Bose estimated the amount 
of pyrolusite available at about 9,000 tons. On development the 
ore body was found to be about 240 feet long, 120 feet wide, and 10 
feet thick. In the year 1907, 7,100 tons of ore were removed from 
the deposit (F. 82^). 

Ghogea (23° 29' : 80° iS'). A band of manganiferous mica- 
ceous hematite, probably of considerable thickness, exposed on 
the southern side of the Lora range. The proportion of manganese 
varies considerably. An ’average sample contained: — ^Mn == 12*26 : 
Fe=:46*43 : P20r)=0*27 per cent. (F. 825). 

Sakei (23° 28' : 80° 11'). Bands of jaspery hematite passing 
at the surface into limonite with thin veins of psilomelane. In 
places the hematite is highly manganiferous, and in some cases has 
been converted into psilomelane, but the quantity of manganese 
ore available is small. Analysis: — ^Mn=22*14 : Fe= 19*17 : SiO^ 
=23*40 : P=:0*06 per cent. (F. 826). 

Bhatadon (23° 27' 30" : 80° 12'). A lateritic deposit, consisting 
of an aggregate of small concretions of wad and limonite. The 
deposit is of small extent and thickness (F, 829). 

Gosalpue (23° 24' : 80° 7'). The deposits hero consist of pyro- 
lusite nodules, with subordinate amounts of psilomelane and iron 
ore, forming a layer of varying thickness in the soil covering the out- 
crop of Gosalpur quartzites. The decomposed rock, in which the 
ore is developed by a process of surface replacement of the silica,, 
also contains veins and nests of pyrolusite. The total quantity 
of ore available was estimated by Bose, as the result of prospecting 
operations, at about 50,000 tons ; but according to Fermor, the 
amount of merchantable ore is much less than this. A considerable- 
quantity of the highest grade ore has been removed by glass workers. 
Analysis ; — Mn=54*66 : Fe=3*17 : Si02=2*74 : P=0*12 per 

cent. (F. 831). 
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Dhaeampuea (23° 23' : 80° 5' 30"). A band of hematite jasper, 
highly manganiferous at intervals, is exposed along the crest of a 
ridge running S. W. from Gosalpnr through Dharampura to Mae- 
HASAN (23° 21' : 80° 3'). In places the rock is converted into 
psilomelane. Pyrolusite also occurs, according to Bose, on an out- 
crop of Gosalpur quartzite at the foot of a hill locally known as 
Changeli, about a mile to "W. N. W. of Dharampura. The quantity’ 
of dressed ore available was estimated at 13,000 tons (F. 833). 

Nonsar (23° 14' : 79° 51' 30"). Bose records the .existence of 
manganiferous hematite and psilomelane on a patch of Lora rocks 
at this locaKty (P. 836). 

* r 

Nagpur. — The existence of manganese ore in this district was 
recorded in 1829 by Jenkins- (93&— i, 208, 212), who mentions its 
occurrence in the valley of the Pench E. at Gokala (IGhogaba) 
3 or 4 miles above Nayakund (21° 22' : 79° 16') ; and in the jungle* 
about 4 miles to the N. of Kumari (21° 26' 30" : 79° 23' 30") where 
the ore was found associated with crystalline limestone. In 1869 a 
deposit at Mansar hill was discovered by Oakes {see Bah, 71—4:6, 
329). A. sample of the ore, afterwards analysed by Mallet (1159 — 17), 
was found to consist of braunite with a little rhodonite, and to 
contain 55*27 per cent, of manganese. W. T. Blanford also dis- 
covered one of the deposits at Kodegaon in 1872 {see Mallet, 1. o., 
74) ; bixt it was not until the beginning of the present century that 
active prospecting led to the discovery of the immense resources of 
manganese ore that are possessed by the district. 

The manganese ores of Nagpur occur in a belt of Archaean rocks, 
which forms a continuation westwards of the manganiferous zone 
of Bhandara and western Balaghat. The belt measures 31 miles 
in length from east to west, with a maximum breadth, as at present 
known, of about 11 miles. At the western end it is cut off by a 
fault, which has brought rocks belonging to the Kamthi division 
of the Gondwana system into contact with the metamorphics. 
The rocks comprised in the belt are of the same character as those 
described by Fermor (577 — 6) in the Chhindwara manganese area, 
including acid and pyroxene gneisses, hornblende and mica schists, 
quartzites, crystalline limestones and calciphyres, arranged in 
parallel, discontinuous bands. 

in accordance with their mode of occurrence, the ore deposits 
have been divided by Fermor into two classes : — 

I. Ores occurring as bands, often of considerable length and 
usually thinning out in a lenticular manner, intercalated between 
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the gneisses, schists, and quartzites, and associated with spessartite- 
quartz rock (gondite), rhodonite rock, or with hoth. 

II. Lenticles or hands of nodules of ore in crystalline limestone, 
usually associated with piedmontite. 

These two classes are again subdivided into groups according 
to the geographical distribution of the deposits : — 

Class I, Group I : — 

Kodegaon (21° 25' : 79° 1'). ^ There are apparently two separate 
ore bodies here, occurring on the*same line of strike. No. 1, situated 
about a quarter of a mile to S. W. of the western end of the Kodegaon 
hills, was found on being opened up to be at least 205 feet in length, 
'and 115 feet in width measured horizontally. The whole mass 
consists of a mixture of two parts of braunite and one of psilomelane, 
with very little foreign material. No. 2, situated at the northern 
foot of the same hills, measured 300 feet in length in 1907, the width 
varying from 20 to 80 feet. The ore is of inferior quality, contain- 
ing many patches of unaltered gondite and quartzite, and appears 
to deteriorate in depth. A large mass of granitic rock was met 
with in the centre of the deposit. Total production, from 1903 to 
1913 inclusive, 131,523 tons. Analysis (average sample from both 
deposits) Mn=52-64 : Fe=7-60 : Si02=4-08 : P=0-10 : H2O=0*28 
per cent. (F. 845). 

Gxjmgaon (21° 26' : 79° 3'). The deposit forms a band exposed 
for about 1,200 feet, along the southern slope of a hill between 
Gumgaon and Khapa villages. The width of the band is about 
300 feet, but only 60 feet represents ore in situ, the remainder being 
composed of gondite rock. The ore is variable in quality, passing 
from a hard brauhite-psilomelane mixture into soft sooty ore and 
a variety much contaminated by residual quartz. Total production, 
from 1901 to 1913 inclusive, 101,721 tons. Analysis : — ^Mn=53-05 ; 
Fe=5-565: Si02=4*47 : P=:0*12 : H2O=0*33 per cent. (F. 852). 

KAMDONanr (21° 24' 30" : 79° 5'). • Three ^distinct lenticular ore 
bodies are exposed, each forming a separate hill or hillock. The 
largest measures about 2,600 feet in length, by 1,500 feet in width 
(the great widths recorded here are perhaps due to folding), and 
rises to a height of about 140 feet above the low ground. The 
others measure about 1,500 feet by 700 feet and 460 feet by 90 feet 
respectively. Bach of the deposits is mainly composed of gondite 
rock, and the amount of merchantable ore is not great. It consists 
largely of the braunite-psiloinelane mixture, but there is also a cer- 
tain proportion of coarsely crystalline braunite. In connection with 
the largest deposit a considerable quantity of talus ore was being 
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worked in 1903. Average analysis (4 samples) : — ^Mn=52*97 : Fe 
=6-80 : Si02=6-43 : P=0-09 per cent. (P. 855). 

Group II ; — 

Risara (21® 28' : 79® 3' 30"). Three outcrops were observed, 
situated about half a mile from the village to E. by N*., N. E., and 
E. N. E. respectively. In each case they are composed of spessar- 
tite-quartz rock, partially altered into ore of low grade. Analysis : 
— Mn=34-68: Fe=2-26 : Si02=2346 : P==0-43: H 2 O=l -02 per 

cent. (P. 860). 

Outcrops of spessartite-bearing rock were also found in the 
jungle at the southern end of the ridge on which the village of 
Nandgondi (21® 30' : 79° 7') is situated, and in the Sitagondi 
( 21® 29' : 79® 8') jungle. In neither case was any merchantable ore 
seen (P. 861). 

Group III : — 

KAndei (21® 25' : 79® 20'). The ore band forms a horse-shoe 
shaped curve about half a mile in length, and is exposed in three 
hills. Two of these, 260 feet (S.) and 210 feet (N.) in height res- 
pectively, are composed, except as regards the saddle connecting 
them, of Ingh grade ore, varying in thickness from about 60 to 87 
feet.; while the third hill; lying to the east of these, is composed 
of gondite and spessartite-bearing quartzite, often converted into 
ore, but not sufficiently so to be workable. At the S. E. end of the 
outcrop, the ore body dips beneath the surface, and has been struck 
in a boring at a depth of 65 feet. The ore consists mainly of brau- 
nite with a certain proportion of psilomelane ; the hardness and 
compactness depending on the quantity of the latter mineral that 
is present. The proportion of psilomelane has been found to de- 
crease rapidly in depth, with a consequent deterioration in the phy- 
sical character of the ore. Total production, from 1900 to 1913 
inclusive, 488,814 tons. Range of analyses of ore despatched 
Mn=54 — 57 : Fe=3— 5 : Si02=8 — 10 : P==0*08tr— 0*12 per cent. 

Large quantities of talus ore have been quarried from the south-- 
em and south-western slopes of the south hill (F. 862). 

Mansar (21® 24' : 79® 20'). The outcrop of the ore band has 
been traced for a distance of IJ mile, in a general B. 8. E. direction, 
along the crest and south-eastern slopes of Mansar hill, which rises 
to a height of 350 feet above the plain. For about Wo-thirds of 
its length, on the crest of the hill, the band consists almost entirely 
of high grade ore, very uniform in composition, with an average 
thickness of 45 feet ; but towards the south-east the ore is replaced 
to a great extent by manganese silicate rocks. In depth also the 
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ore lias been found to contain masses of partially converted spes' 
sartite and rhodonite rock, the cleaned ore amounting to about 
30 per cent, of the total extracted. A considerable quantity of 
talus ore has been quarried from the northern and western slopes 
of the hill. The ore consists largely of braunite, with hard bands 
cemented by psilomelane. Average analysis (2 samples) 

5446 : Fe=4-82 : Si02=8-36 : E=0-07 per cent. (P. 878). 

A continuation of the ore band, known as the Mansar Extension,, 
has been exposed by excavation beyond the N. W. end of the hill, 
for a distance of about 200 yards. The ore in this portion of the 
band consists of soft braunite, much interlaminated 'with gondite 
and quartzite. Analysis : — ^Mn=52-27 : Fe=5*07 : Si02=16*77 r 
*P==0*17 : H20=0*60 per cent. (P. 891). 

Prom 1900 to 1913 inclusive the Mansar hill deposits produced 
331,629 tons of ore. 

Parsoba (21® 23' : 79® 22'). The ore here, exposed in a pit sur- 
rounded by alluvium, probably lies on an extension to the S. E. of 
the Mansar band. About 650 tons of ore, containing from 49 to 53- 
per cent, of manganese, were extracted from the deposit in 1904 
and 1905 (P- 893). 

Borba (21® 27' ; 79® 20'). Loose fragments of ore, up to 2 feet 
in diameter, were found in shallow excavations at the base of a hill 
of vitreous quartzite, about half a mile to N. of the village The- 
ore resembles that of Mansar hill in composition (F. 896). 

Group IV 

Parsioni (21® 22' : 79® 13')— Bansinohi. The ore band is about 
2 miles in length from E. to W., with an average thickness of 
about 50 feet. At the outcrop manganese silicate rocks, inter- 
laminated with quartzites, alone were seen ; but beneath the surface 
they were found to be partially converted into ore. About 1,200; 
tons of ore wore extracted from the deposit during 1906 and 1907 
(F. 897). 

DtJMRX ICalan (21® 20' : 79® 18'). This occurrence forms the 
western termination of a line of deposits (noted below) extending 
eastwards for about 12 miles. About 120 tons of fragmentary, low 
grade ore were extracted from an excavation, but none was 
apparently found in situ (P. 898). 

Satak (21® 20' : 79® 19' 30"). The total length of the ore band 
within the village limits is about three quarters of a mile. Only two* 
portions of the band, lying on either side of the village, were found 
to amUhi workable ore, the remainder consisting of manganese, 
silicate rocks. In the western portion braunite was found in situ, 
much contaminated in places with manganese garnet. In the 
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eastern portion, whicli forms a low monnd atout a quarter of a mile 
in length, the ore in situ is very impure, much interbanded with 
gondite and quartzite, and traversed by felspathic intrusions ; 
but the talus ore was of better quahty, and occurred in beds up to 
10 feet in thickness. The total quantity of ore raised- from these 
deposits, during the years 1904 to 1907, amounted to 17,901 tons 
(F. 899). 

Beldongri (21° 20' : 79° 21'). The original outcrop here, a 

mass of spessartite-rhodonite rock projecting a foot or two above 
the surface of the alluvium, is worshipped as a deity by the villagers, 
and has been preserved from quarrying. The ore body, as opened 
up in 1906, was nearly 300 feet in length and about 60 feet in actual 
width. About hah of this thickness is rendered worthless by patches 
of manganese silicates not converted into ore, and by bands of schist 
and quartzite. The ore varies in physical character according to 
the proportion of psilomelane present, from friable granular bran- 
nite to hard compact varieties composed of about equal quantities 
of the two minerals. Some of it iconsists of a variety resembhng 
metallic lead, to which the name ' beldongrite " has* been given. 
Vredenburgite also occurs at this mine. Total production, from 1901 
to 1907 inclusive, 26,294 tons. Average analysis (2 samples) : — Mn= 
53-70 : re=5-53 : Si02=4-94 : P=0‘06 : H2O=l-02 per cent. (P. 904). 

NaiWdapuri (21° 20' : 79° 23'). The deposit here consists of 
talus ore, occurring beneath 2 feet of surface soil, overlying a mass 
of gonditic rock. About 500 tons of ore were raised in 1907 (F. 912), 

A deposit of similar talus ore was also found in a pit at Nagar- 
DHAN, a short distance to the W. of Nandapuri (P. 911). 

Lohdongri (21° 19' 30" : 79° 26'). The ore body here, before 
being opened up, formed a low mound about 380 yards in length, 
200 yards in breadth, and 30 to 36 feet high. It consists of a 
succession of distinct layers of ore, varying in thickness from 2 
inches to 2 feet or more, occasionally horizontal, but much crumpled 
by folding. Practically the whole of the deposit is composed of 
workable ore, either coarse crystalline braunite, or fine grained 
psilomelane with patches of braunite ; but layers of quartzite occur 
in some places. The thickness of the deposit may amount to 60 
feet. Production, from 1900 to 1913 inclusive, 245,163 tons. 
Kange of analyses : — Mn=47-12 — 50-64 : Fe=7-32 — 10-62 : Si02= 
6-40 — 7-45 : P=0-0-54 — 0-098 per cent. 

There is reason to believe, from the evidence afforded by pits, 
that this deposit may be connected beneath the surface with that 
of Beldongri, further west (P. 914). 
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K-achaewahi (21° 20'.: 79° 27'). This deposit is exposed by an 
excavation in the alluvium, about three quarters of a mile to S. by 
E. of the village. The ore body measures about 100 yards in length, 
92 feet in .width, and in 1906 had been opened up to a depth of about 
60 feet in places. It is composed of layers of ore from 6 to 10 feet 
thick, interbedded with layers of hard vitreous quartzite and soft 
schistose rocks of about equal thickness. The ore itself is also 
interlaminated in places with thin bands of quartzite, and with intru- 
sive felspathic rocks carrying crystals of braunite and blanfordite and 
rendered worthless. The ore consists of a fin^ to coarse grained 
mixture of braunite and psilomelane. Total production, from 1904 
to 1907 inclusive, 20,720 tons. Average analysis (7 samples) : — ^Mn— 
62-81 : Fe=6-65 : Si02=7-67 ; P=0-069 : H 2 O= 0-28 per cent. (P. 922). 

Wabegaon' ( 21° 20' : 79° 28' 30"). The deposit was opened up in 
1902-04 by an excavation in the alluvium, but work was discontinued 
in the latter year on account of the influx of water. The ore band 
was exposed for a length of about 300 feet and was about 30 feeh 
thick. A second ore band was found in trial pits about 200 feet to 
the west of the main excavation. The ore. is said to have become 
poorer in quality with depth, and the last consignment is reported 
to have been very arsenical. The output is said to have been about 
30,000 tons. Average analysis (8 samples) : — ^Mn— 50-45 : Fe=8*22 : 
Si02==6-88 : P=0-068 : H2O=0-50 per cent. (P. 929). 

Khandala (21° 20' : 79° 29'). An outcrop of gondite and rho- 
donite rock occurs on the right bank of the Sur E., a mile E. by N. 
of the village. The band is traceable for about 180 yards, and may 
be 24 “yards wide. In places the gondite is converted into ore of 
poor quality. About 200 tons wore extracted in 1907 (F. 932). 

Group V : — 

Mandri (21° 25' : 79° 27'). Hero there are two ore bands, 
lying on the south-eastern side of two small hills of quartzite. They 
are roughly parallel to each other, and about 100 yards apart. 
Both are much bent and contorted. The northern measures about 
270 yards in length along tho bends, and the southern about 590 
yards ; the respective widths are 6 to 14 feet, and 24 to 40 feet. 
They appear to bo out off by a fault at the western end. Tho ores 
are usually soft and black, with remains -of unaltered spossartite rock 
and quartzite; but there is also a certain proportion of hard grey 
ore. About 36,000 tons of ore were raised from this deposit during 
the years 1904 to 1907. Average analysis (6 samples) Mn:=63-23 : 
Fe=5*27 : Si02=C-04 : P==0-106 : H2O=0*73 per cent. (P. 934). 

Panchala (21° 24' : 79° 28'). The ore band occurs on the line 
of strike of the southern band at Mandri, and is probably conti- 
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’niious with. it. The length exposed is about half a mile. The beds 
are much folded parallel to the strike, and consisj; of spessartite and 
rhodonite rock largely converted into ore, which is partly a hard 
and crystalline braunite-psilomelane mixture, and partly sooty and 
'speckled' ore. About 2,300 tons were extracted during 1906-07. 
The ore contains 47-58 per cent, of manganese (F. 941). 

Manegaon (21° 26' : 79° 28'). Two ore bands are exposed here, 
lying on the southern slopes of a ridge composed of micaceous quart- 
zite. The main band is about a mile and a half in length, with an 
.average width of about 60 feet. The other band is quite subordi- 
nate, being only about 600 yards in length. Both are composed to 
a large extent of unaltered spessartite and rhodonite rock, but there 
is a fair quantity of merchantable ore varying from hard grey 
psilomelane to a soft, sooty ore with braunite grains. Total produc- 
tion, from 1904 to 1907 inclusive, 40,598 tons. Analysis : — ^Mn= 
49-15: 'Pe=10-26: Si02=6-31 : P=0-09 : H2O=0*35 per cent. 

<F- 942). 

Guguldoho (21° 26' : 79° 29'). This ore band may be a conti- 
nuation of the Manegaon deposit, but , is separated from it by a hill 
of quartzite. It is about a mile and a half in length, but only about 
550 yards of this length, on the crest of Guguldoho hill, contains 
workable ore; the remainder being composed of spessartite and 
rhodonite rock, with patches of manganese in places. The ore 
body varies from 15 to 40 feet in thickness, and is largely composed 
•of the sooty variety known as ' speckled ' ore. Near the surface it 
frequently becomes concretionary. Production during 1906 and 
1907, about 3,400 tons. Analysis : — ^Mn=46*24 : Pe=16*34 : Si02 

=2-90 : P=0-183 : H2O=0-54per cent. (F. 947). 

Bhandaebori (21° 24' : 79° 31'). Boulders of soft gondite, 
partially altered to manganese ore, were seen in shallow pits about 
'half a mile to N. N. 'W. of the village, on the strike of the Mandri- 
Panchala deposit (F. 953). 

Class II:— 

The manganese ores of this class occur in the form of lenticular 
“masses, small beds, or bands of nodules in crystalline lliriostoues, 
usually in too small quantity to be worked in situ, though tlie 
residual • accumulations of nodules left on the surface by the 
weathering of the limestone would often pay to work. Occasionally 
the limestone itself is charged with manganese, which may amount 
to as much as. 18 per cent. The following deposits have been 
noted : — 

Mohugaon (21° 27' : 79° 5'). Outcrop about 220 yards in 
length, situated about a mile to E. S. E. of the village. The ore is 
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probably a mixture of braunite and hollandite, containing 17*79 
per cent, of manganese (P. 965). 

Pali (21° 26' : 79° 16'). Outcrop situated to N. and N. B. of 
village, exposed for about 1,400 yards. Tbe limestones, especially 
along tbe centre of tbe deposit, are often blackened by manganese^ 
and contain nodules of bratmite and bollandite. Masses of pyro- 
lusite occur in places, containing a bigb percentage (73 — 96) of 
manganese dioxide, and sufficiently pure to be used in tbe manu- 
facture of chlorine or for glass making (P. 957). 

Ghogara (21° 23' : 79° 14'). Outcrop exposed in tbe bed of 
tbe Pencb R. for about a quarlier of a mile across tbe strike. Tbe 
manganiferous portion of tbe band measures about 100 feet in thick- 
ness, and contains numerous nodules and lenticles of ore, arranged 
in bnes following tbe bedding planes of crystalline piedmontite lime- 
stone (P. 961). 

Mandvi Bir (21° 28' : 79° 17')— Junapani (21° 29' : 79° 21' 30"). 
Tbe deposits consist of lenticular masses and nodules of manganese 
ore enclosed in a band of crystalline limestone, wbicb has been 
traced for more than 6 miles from east to west. A second parallel 
band, about 220 yards to tbe south, is believed to be a repetition 
of tbe nortbern band, brought up by a synclinal fold. Tbe masses 
of ore are occasionally of considerable size, especially near tbe eastern 
(Junapani) end of the deposit, where there appears to be a dejSnite 
bed, varying from 4 to 10 feet in thickness. Considerable quam 
titles of residual nodular ore, derived from the" limestone by weather- 
ing, have been quarried from tbe whole length of tbe band. Pro- 
duction during 1906 and 1907, about 20,500 tons. Range of ana- 
lyses : — ^Mn=50 — 62 : Pe=2 — 4 : Si02==6 — 9 : P=0*05 — 0*12 per cent. 
(P. 965). 

Rajkota (21° 29' : 79° 24' 30"). An outcrop of manganiferous 
limestone, perhaps representing a continuation eastwards of the 
Mandvi Bir-Junapani band (P. 976). 

Th(. average annual output of manganese ore in the Nagpur 
district, during the five years 1909 to 1913, was 183,676 tons. In 
1914 the production amounted to 174,562 tons ; in 1916 it fell 
to 93,027 tons, but rose in 1916 to 153,899 tons. 

Nimar. — ^Pour occurrences of manganese ore have been noted, 
all due to surface impregnation and replacement. Tbe ores are of 
poor quabty (P. 977) : — 

Chandgarii (22° 15' 30" : 76° 40' 30"). The Lameta rocks ex- 
posed in a stream bed about* a quarter of a mile to S. E. of the 
village are blackened in places by impregnations of manganese oxide. 
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Gohugaon (22° 15' : 76° 48'). Outcrops of manganiferous brec- 
cia are exposed for about 200 yards along tie banks of tbe Jamdibi 
stream, a mile and a quarter to N. 17. W. of the village. The matrix 
of the breccia consists of wad and hard grey psilomelane. 

rmther down the stream, about three-eighths of a mile from its 
junction with the Narbada E., a hard layer of calcareous rock at 
the base of the Deccan trap contains manganese garnet. 

A.bout half a mile above the manganiferous breccia deposit 
noted above, an outcrop of Vindhyan shales occurs in a small tri- 
butary stream. These show small patches of secondary pyro- 
lu$ite and psilomelane. 

Scorn. — The southern end of this district projects into the Nagpur 
Balaghat manganiferous belt, and Burton (see Hayden, 793 — 31, 
21) has recorded the occurrence of small deposits of manganese 
ore at the following localities : — 

Chichuldoh (21° 46' : 79° 45'). An outcrop of blue quartzite, 
associated with gondite partially converted into manganese ore, 
was found at the western edge of a small hillock about 250 yards 
to the N. of the village. A small deposit was also seen in a stream 
bed half a mile to S. W. of the village. 

Dhobd^ola (21° 42' 30" : 79° 43'). Three occurrences were seen 
in this neighbourhood : — 

1. A quarter of a mile to W;. of the village. Quartzite impreg- 
nated with manganese, interbedded with thin bands of fairly pure 
ore. 

2. On the Dhobitola-Dulapur road, 200 yards E. of the Thuya- 
ghat stream. A small band of ore. 

3. A small outcrop on the road, 600 yards W. of the same stream. 

Khieki (21° 43' : 79° 41'). On the Bhandara-Seoni boundary, 

S. W. of the village. Quartzite impregnated with ore. 

^ Hughes ( 888 — 17 ; —20, 76) has recorded the occur- 

rence of botryoidal masses of psilomelane in Kamthi clays at the 
base of Malagarh hill (19° 56' : 79° 6'). According to an analysis 
by Tween, the me contains 44-6 per cent. of. manganese oxide 
(F. 979). 

QOA. 

The manganese ore industry of the Portuguese territory of Goa 
dates from the beginning of the year 1906, when the first manifesto, 
or license to work the deposits, was issued to Haji Ismael Mirza 
Bagdadi. Before this, the existence of the ore in the province 
appears to have been unknown. 
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Tlie ores occur chiefly in thick beds of ferruginous laterite, 
resting upon an uneven surface of Dharwar rocks,' and partly in 
the decomposed quartzites and phyllites lying beneath the laterite. 
In the latter case the ore appears to have been formed by a process 
of replacement of the silica j while that in the laterite is probably 
either due to the segregation of the oxides of manganese and iron 
brought up in solution from the underlying rocks, or is partly of a 
residual character, representing the ore that was developed in the 
quartzites prior to the formation of the laterite. The ore is usually 
pyrolusite, associated in places with a certain amormt of psilomelane 
and wad, and is often mixed with iron ore and with fragments of 
quartz and other rocks. It is, therefore, highly ferruginous, and 
seldom contains as much as 50 per cent, of manganese (F. 980). 

The following deposits occur in the neighbourhood of Bioholim 
(15° 35' : 74° 1') Fanuswadi ; Dab Dabba (2 deposits) ; Vaotim ; 
Kolambi ; Kulan (Culon) ; PerbJgeset Bat ; and Sebvona. 

Deposits have also been reported to occur at : — 

Kandiapae (15° 25' 30" : 74° 6'). Here the ores are said to 
bo mainly psilomelane. 

Korqui (KtrmcEE, 15° 31' : 74° 12'). 

Kurauo (15° 22' : 74° 14'). 

Malpona (15° 27' : 74° 14'). 

Morlem (16° 35' 30" : 74° 6'). 

The following localities are not marked on the map : — 

Malan ; 2 miles to N. of ICalay railway station. 

ViiiLiAN, Kxtmari, and Kajbi; near Peritem, 16 miles to S. of 
Sanvordam railway station. 

Avodupaule, Chendo, and Karapur. 

The total quantity of Goanese ore shipped from the port of 
Mormugao during the five years 1909 to 1913 was 16,243 tons. 

^ HYDERABAD. ^ 

IHdan — ^Newbold (1294 — 18, 246) in 1840 recorded the existence 
of manganese ore in the laterite forming the plateau of Bidar (17^ 
65': 77® 36'), and in 1844 (1294 — 32 , 992) described its occurrence 
more particularly at the base of a scarp near the village of Hulxer- 
OAH (? Halbxjbga, 18® 0' : 77® 23' 30"), 16 miles to W. by IST. 
from Bidar. The laterite is traversed by a network of veins of 
manganese ore, about, an inch in thiclmess near the base of the cliff, 
and gradually diminishing in width as they ascend, until they are 
lost in the substance of the laterite. The ore consists of black 
manganese oxide combined with iron, often compact and hard, but 
sometimes earthy and friable (P. 989). 
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MADRAS. 

Bdlary. — Teligi hill (14° 39' : 76° 57'). Manganese ore is said 
to occm in the western spurs of the hill, which is situated on the 
Dharwar-Shimoga band of Dharwar rocks crossing the western 
edge of the district. A specimen of the* ore consisted of a cavernous 
mixiture of nodular pjrolusite and • limonite (F. 992). 

(Sandur State). — ^The existelice of manganese ore in the Sandur 
hills was first mentioned by Newbold (1294—13, 125) in 1839. 
Fifty years later, Foote (596 — 34 , 26) noted the occurrence of con- 
cretionary manganiferous nodules in " argillites ' on the slopes below 
Ramandrug ; and in his memoir on the geology of the Bellary 
district (59& — 39 , 194) added three cither localities at which similar 
nodular deposits were found in sufficient quantity, as he supposed, 
to . be worth exploiting. These deposits, however, in comparison 
with the massive beds of ore which have since been found to exist 
on the summit of the hills, are now considered to have little eco- 
nomic value. The discovery of the plateau lieposits is due to Ghose, 
who has given an elaborate account (652 — 3 ) of their geological 
relations, mode of occurrence,' and dis’bribution, andp has also dis- 
cussed their origin. A ‘ description of' the deposits :has also been 
published by Ahlers (16 — 2), the manager of; the mines worked by 
the General Sandur Mining Co., Ltd. 

The Sandur hills are composed of bands of schists, phyllites, 
and ferruginous quartzites, in ascending order, with interbedded 
igneous rocks in the two lower formations, probably representing 
intrusive sills. The rocks are disposed in a great synclinal trough, 
of an elongated oval form, with its longer axis directed from N, W. 

to S. E. , The manganese ores axe almost entirely confined to the 

crest and western slopes of the .western limb of the synclinal, and 
are chiefly developed on the outcrop of the bands of phyllite, which 
h^iye been impregnated and replaced by the ore'^to a depth, in some 
cases, ' of as much as 100 feet, though the usual thickness of the 

deposit is somewhat less than this. The ores commonly retain 

the laminated structure and high dips ‘of the phyllites, and often 
include partially altered patches of the original rock. At their 
base they pass downwards into a zone of lithomarge, which often 
contains nodules and bands of ore. The ores therefore belong to the 
group designated " lateritoid *' by Fermor. At the summit of the 
hills they are often overlaid by horizontal sheks of laterite, which 
probably represents the final stage in the alteration of the rock, 
in which the manganese is replaced to a large extent by. oxide of 
iron (E. 993). 
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It stould be mentioned ttat Gliose (1. c., 264) rejects ^tbe theory 
of superficial replacement in accounting for the formation of the 
ores, and considers that they are of a sedimentary origin, deposited 
on the floor of the Archaean sea in connection with submarine and 
contemporaneous discharges of volcanic material. This hypothesis, 
however, appears to account satisfactorily for none of the special 
features of the deposits, except the lamination which gives their 
bedded appearance to the ores. This character indeed appears 
fco constitute the main argument in favour of the theory. 

The principal constituents of the Sandur ores are psilomelane and 
wad. Pyrolusite and manganite^ of secondary origin often occur in 
cavities. Braunite and hollandite may also occur-, but are ^uite sub- 
ordinate in amount. The characters and mode of occurrence of the 
manganite have been described in special papers by Fermor (677 7) 
and Ghose (652—2). The ores are not as a rule of high grade, though 
the proportion of silica and phosphorus is low. They usually ^ con- 
tain a considerable percentage of iron oxide. Average analysis (4 
samples) Mn=45*05 : Fe=12-33 : Si02=0-89 : P=0*011 per cent. 

The total quantity of ore (including ferruginous manganese-ores) 
available in the Sandur hills is roughly estimated by Fermor 
^677 — 32 , 1014) at about 10 million tons. Ghose (652 — 3, 263) 
has estimated the quantity contained in thirteen deposit^ oiv the 
Kammat Haruvu plateau at 1,306,782 tons. 

The number of separate deposits discovered by Ghose amounts 
to about 100, distributed along the plateaus which form ihe crest 
of the range, from Kammat Habuvu'( 15 ° 1' : 76° 40' 30") in the 
S. E. to the neighbourhood of Ramandbtjg (15*^ 7' 30' : 76 32 ) ih 
the N. W. It was found that many of the deposits were kno^ to 
tlie villagers by descriptive names, such as Alada-marada-banda, 
' Banyan tree outcrop," bestowed on them in order tp assist in 
their identification as landmarks, but not connected in any way 
with their mineral ogical character, which appears to have been un- 
known to the people. The deposits are divided into ten groups 


Group. 

No. of 
deposits. 

Group. 

. No. of 
deposits. 

I K A ‘M M AT HAUtTVer 

28 

VI. SUBRAYAITHAUIJ BaROH 

8 

n. Hanumantuana Hahu- 

4 

Vn. TUmbabaoadui Eobust 

3 

vu. 

III. ToNASHioax Eouest . 

6 

VIII. Kanbviualli Raxgb 

11 

IV. Mannal Haruvu 

10 

IX. Ramaotbug Raxob ; 

23 

V. Kumaraswami . 

8 

X. Timmapba Gudba 

1 


z2 
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Tte output of ore from tte district reached a maximum of 
78,636 tons in 1909, since when it has gradually declined. During 
the five years 1909 to 1913 the average annual production was 
66,782 tons. An output of 33,643 tons was recorded in lOld, since 
when production has ceased. 

Chiiigleput. — ^Veins of manganese ore are said to have been 
detected in the laterite of the Eed Hills (13® 9' : 80® 16'), and 
specimens were shown at the iVTadras Exhibition of 1867 (F* 1032). 

Coimbatore. — ^Nicholson (1302, 23) notes the occurrence at Vira- 
PANELi (? ViRAPANDi, 11® 10' 30" : 77® 2') of black san<5l con- 
taining manganese (P. 1032). 

Oaujam. — Several superficial accumulations of manganese ore of 
small extent were discovered in 1902 by Mr. T. Chaudry in the 
Atagada and Kalikot Taluks. The ores occur either in connection 
with kodurite, an intrusive rock containing manganese garnet, oi 
with garnet-rhodonite rook similar to that associated with the man- 
ganese ores of the Nagpur district. The following occurrences 
have been examined by Fermor : — 

Boirani (19® 35' : 84° 49'). Outcrop situated about half a mile 
to S. E. of village. A band of felspar rock underlying one of de- 
composed kodurite has been largely replaced by pS|ilomelane, form- 
ing an ore bed which in one place reaches a thickness of 4|- feet. 
The ore is of very low grade. Analysis : — Mn=28*44 *. Fe= 
19‘70 : SiO2=10;25 : P=0-712 per cent. (F. 1034). 

Gravels composed of granules of manganese ore mixed with 
quartz and limonite, and a patch of manganese laterite, were found 
about half a mile to S. 10® E. These may indicate the presence 
of a band of manganiferous garnet rock below the surface (F. 1036). 

Gudhiari (19® 34' : 84® 61'). Granules of manganese ore scat- 
tered through sandy soil at foot of hills to S. W. of village (P. 1036). 

Nautan-Barampxjr (19® 36' : 85® 6'). Outcrops of garnet- 
rhodonite rock and khondalite (garnet-sillimanite rock) showing 
stains of manganese (F. 1036). 

Kalikot (19® 36' : 85® 9'). Decomposed khondalite with small 
veins and stains of psilomelane (F. 1037). 

Rambha (19® 31' : 85® 9'). Gravel composed of fragments of 
limonite, decomposed quartzite, and a little manganese ore (F. 1037). 

KurnooL— Specimens of manganese ore from Roodrar (Rttdra- 
VARAM, 15® 14' : 78® 40') and impure braunite. were exhibited at 
the Madras Exhibition of 1857. 
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In the Kurnool Manual (675, 99) it is stated that manganese is 
to be found in Nandavaram (15*^ 22' : 78° 20 '), Banganapalle 
( 15° 19' : 78° 17'), and Nagirbbdipalli (15° 9' : 78° 35'), but no 
further particulars are given (F- 1038). 

lUadura. — Among the minerals collected by Muzzy (see Nelson, 
12869 15, 30), specimens of wood opal striped with oxides of iron 
and manganese from Puda-kudi (?), and of several manganese- 
bearing minerals are mentioned (F, 1039). 

Nellore^; — Black sand containing iron and manganese is men- 
tioned by Hunter (see Boswell, 174, 7f as having been sent from the 
district to the Madras Exhibition of 1857 (P* 1040). 

Nilgiri. — ^Newbold (1294 — 15 , 45; — 29, 214) mentions the dis- 
covery by Cullen and Benza of manganese ore in the Nilgiri hills. 

At several places in Ootacamund (11° 24' : 76° 47') Fermor 
met with veinlets of soft black wad traversing lithomarge derived 
from the superficial decomposition of charnockite. The veins range 
up to half an inch or so in thickness (P- 1039). 

^ Vizagapatam. — The manganese ore deposits of Vizagapatam 
appear to have first received attention in 1862, when two specimens, 
probably from Kodur, were analysed by Scott (1697), and found to 
■contain 53-’428 and 54*929 per cent, of manganese respectively. 
In a letter from Crozier quoted by Balfour (69—2, 238), it is said 
that the ore was obtainable in sohie quantity near Chipurapalli 
( 18° 18' 30" : 83° 38'), and that it' was sold as a substitute for 
surma or antimony. Balfour (69 — s, 1st Edn., 1183) also says that 
two tons of the mineral were sent by the Raja of Vizianagram to 
the Madras Exhibition of 1857. In 1886 King (987 — 3:i, 166) found 
that manganese ore, apparently associated with crystalline lime- 
stone, was being used for metalling the roads at a spot about 6 
miles to the N. of Vizianagram and near Ramachandrapuram 
(1 Rambhaorapuram) ; and six years later the first manganese 
workings in India, on a commercial, scale, were started at Kodur. 

The manganese ores are found in association with a group of 
igneous rocks of peculiar composition, to which the name ' kodurite 
series ' has been given by Fermor (see Holland, 869 — 60, 22). These 
rocks are characterised by the presence of manganese lime garnets 
(spandite) and apatite, with or without orthoclase felspar, quartz, 
and manganese pyroxenes. In the coastal plains of Vizagapatam 
tjxey are found interbanded with garnet-sillimanito schists and calc- 
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gneisses (khondalites), in wMch. there is reason to believe that the 
kodurites are intrusive. The varying composition of the rocks was 
originally attributed by lermor to magmatic differentiation sup- 
posed to have taken place before the eruption of the magma ; but 
more recently he has suggested {see Middlemiss, 1219 — si, 102) 
that the kodurites may be hybrid- rocks, resulting from the intru- 
sion of an igneous magma into a series of manganiferous and cal- 
careous sediments, from •which the manganese and lime of the 
garnets has been -absorbed. If this can be confirmed, it will add 
support to Burton’s suggested correlation {See Middlemiss, 1. c., 
105, 132) of the calc-gneisses of the Central Provinces •with those 
of Vizagapatam. 

The ores themselves have been formed by the replacement of 
kaolinised felspar, or of the constituents of the kodurite, by man- 
ganese oxide, derived from the garnets and introduced in solution 
■ by percolating waters charged with carbonic acid. In some case^ 
the manganese-garnet rock has been altered in situ by a similar 
process. The action. is supposed to have taken place within the zone 
of weathering as defined by the kaolinisation of the felspars ; and 
therefore the depth to which the ores may be expected to continue 
will depend on the maximum depth affected by weathering in former 
times. In some cases it is certainly more than 100 feet and may 
possibly extend to 500 feet. 

The composition of the ores varies in different places. Tliu 
principal varieties are psilomelaue with subordinate araoimts of 
pjrrolusite, and psilomelane witli scattered granules of braimite, 
according as they have been formed by the replacement of fels- 
pathic rooks or of the kodurite respectively. They vary in quality 
from ferruginous, manganese ores, containing from 13 to 19 per cent, 
of iron, to manganese ores with from 43 to 50 per cent, of manga- 
nese. The proportion of phosphorus is often rather high, but that 
of silica is comparatively low (F. 243 seq., 1045). 

A description of the deposits being worked in 1896 has boon 
given by Turner (1815). The deposits at Gaebuam were estimated 
by him to contain 1,500,000 tons of ore available above saturation 
level. These deposits have since yielded 736,192 tons of ore (to 
1913 inclusive). 

The following notes refer to the condition of the workings in 
1905, and to the localities known to exist in 1907 : — 

IConuR (18° 16' 30" ; 83° 36' 30"). Here a iuangamforou.s belt 
about 3 miles in length is worked at intervals. At either end of 
the belt (Gabividi and Sandanandapuram), dctrital ore is obtained 
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from a number of shallow excavations.. The principal work^ is 
situated near Kodur, about the centre of the belt, where a pit nearly 
200 yards in length has been excavated in hthomafgic clays, in which 
the ore occurs in irregular masses. These ore bodies are said to 
have a tendency to run together towards the bottom of the pit, 
and form a solid mass of ore. The total output from these 
quaj^ries, from 1892 to 1913 inclusive, has amounted to' 370, "SSS 
tons. Analysis : — ^Mn=47-ll : Fe=9-70 : Si02=3-15 ; P=6-19l 
per cent. 

Some ore has also been quarried from a pit at Devada, between. 
Kodur and Sandanandapuram, where it occurred imbedded in. 
lithomarge, as at Kodur (F. 1050). 

SiVARAM ;(18° 16' : 83° 39'). A certain quantity of ore, p’yro- 
lusite and psilomelane, has been quarried here (P. 1077). 

Pebapi- (18° 16' : 83° 41'). Detrital deposits overlying banded 
quartz-felspar and spandite-felspar rock, partially' converted into 
ore. Total output, 1900 to 1907 inclusive, 46,343 tons. The pro- 
duction for 1906 and 1907 included respectively 17,818 and 8,466 
tons' of ferruginous manganese ore. Analysis : — ^Mn=40-10 : Pe= 
13-20 : Si02^3-60 : P=0-207 per cent. (P. 1077). 

Small quantities of ore have been raised by the Vizianagram • 
MiTiing Company at Itakerlapilli and Mulagam, situated about 
2 'and 3 miles respectively to the S. of Perapi. 

GoviNDAPtjRAM (18° 15' 30" : 83° 46'). Output, during 1906 and 
1907, 2,046 tons of ferruginous manganese ore (P. 1081). 

Garbham (18° 22': 83° 3l'). The ore body exposed here, pro- 
bably the largest in India, has a total length of 2,200 feet from B. to 
W., and possibly extends westwards for another 2,000 feet. The 
actual thickness in the middle of the deposit is 167 feet,’ of which 
100 feet consists of ore, and it has boon proved to continue to a 
depth of at least 100 feet. The main ore body has been formed 
by the alteration of bands of quartz-kodurite, intorboddod with 
kaolinised quartz-felspar rock impregnated with wad, and occa- 
sionally containing masses of ore. The ores consist chiefly of a dull 
grey variety of psilomelane, with patches of mangan-raagnetite, 
pyrolusite, and wad. They are usually of third grade quality and 
arc often highly ferruginous. Analyses (manganese ore)’: — ^Mn= 
45-39 : Be— 9-99 : Si02==4-43 : P=0-45 per cent. — (ferruginous 

manganese ore) : — .Mn=35-43 : Fe=19-32 : SiO2=6-90 : P=0-423' 

per cent. (P. 1081). , 

The average annual output from this- deposit, from 1896 "tO 1913 
inclusive, has amounted to 40,900 tons. . - 
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Kotakarba (18° 22'* 30": 83° 33'). Excavations made to the 
W. and N. of the village show bands of kodurite and kaoUnised 
quartz-felspar rock with layers of psilomelane. A few thousand tons 
of second grade ore are said to have been extracted from the 
pits (F.1096). 

Gadasam (18° 20' 30" : 83° 28' 30"). Production during 1906 
and 1907, 2,000 tons. Analysis : — ^Mn=46-87 : Fe=4-20 : Si02= 

4-55 : P=0-168 per cent. (P. 1098). 

Avagudem (18° 21' : 83° 36'). A vertical ore band is exposed 
for about 625 yards, ranging up to 55 feet in width. The outcrop 
in 1905 was largely concealed by detrital ore. A large proportion 
of the ore seen in situ contains, much chert and ochre. Analysis : — 
Mn=39'41 : Ee=13‘30 : Si02=4‘73 : P=0-440 per cent. 

The deposit was worked in 1899 and again in 1906-07. Total 
output about 22,000 tons (P. 1098). 


Aitemvalsa. 

Gotnandi. 

Bondapilli. 


About 3,000 tons of ore were raised in 1906-07 at 
these places, which are situated about 4 miles 
to the N. of Chipubapalli (18° 18' 30" : 83° 
38')— (P. 1100). 


Gabbabaju Chipubtipalli (18° 24' : 83° 41'). The deposits here 
are said to be similar to those at Perapi. Total production, 1900 to 
1907 inclusive, 17,797 tons. Analysis Mn=41-45 : Pe=ll*70 : 
Si02=3-63 : P=0-298 per cent. (F. 1101). 

Pbbumali (18° 26' 30" : 83° 38'). Total production, 1900 to 1907 
inclusive, 5,121 tons, containing 40 to 46 per cent, of manganese 
(F. 1102). 

Ramabhadbapubam (18° 30' : 83° 20' 30"). There are three sets 
of excavations here, Ijdng within the village limits of Sonpxtbam, 
Mamidipilli, and Bankueuvalsa, along an ore band about two- 
thirds of a mile in length, and probably about 100 feet in width. 
The deposits consist of bands of kodurite, quartz-kodurite, and 
felspar rook, intruded along the bedding planes of laminated 
felspathic quartzites. In 1905, none of the pits had reached a 
greater depth than ' 20 feet, but the continuance of the ore to 
depths of 67 and 100 feet had been proved by boring. The ore 
consists chiefly of psilomelane, often studded (especially in the 
Mamidipilli pits), with crystals of spandite. Pyi-olusite is most 
abundant in the Bankuruvalsa pits. Production during 1906 and 
1907, 2,712 tons. Analyses (Sonpuram and Bankuruvalsa) : — ^Mn= 
43-76: Pe=ll-35 : Si02=3-96 : P=0-33 per cent. (Mamidipilli); — 
Mn=32-21 ; Pe=15-20 : SiO2=10-30 : P=0-482 per cent. (F. 1103). 

^Near Tadueu (18° 25' 30": 83° 16') and Chintelavalsa (18° 
25' 30" : 83° 20'), bands of manganese pyroxenite occur, associated 
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with scapolite and biotite gneiss. Na manganese ore was seen in 
connection with these deposits (F. 1110). 

These two occnirences have been referred to {see Middlemiss’ 
1219 — 31 , 106) a§ affording evidence in favour of correlating a 
portion of the manganiferous sediments of the Central Provinces 
and their associated rocks with the manganese-pyroxenites, calc- 
gneisses and khondalite of Vizagapatam. 

Deposits of manganese ore have been reported to occur 
at the following additional localities, and from some of 
them the outputs noted below were recorded in 1907 (P. 462, 
1048) 

Baidapilli (?), 1,165 tons. 

Bajxtvalsa (?), 302 tons. 

Batuva (18° 20' : 83° 41'), 1,485 tons.' 

Boddam (18° 24' : 83° 42'), 2,519 tons. 

Bxjtharayavalsa (18° 24' : 83° 30' 30"), 61 tons. 
CHAiiiiAPURAM (18° 20' 30" : 83° 31'), 440 tons. 

Chinna Palavalsa (?), 27 tons. 

Chinna Ranyan (18° 21' : 83° 31'), 2,329 tons. 

Chipurapalli (18° 18' 30" ; 83° 38'), 1,337 tons. 
Dannanapeta (18° 11' : 83° 35°), 846 tons. 

Devarapilli (18° 13' : 83° 42'), 419 tons. 

Gadabavalsa (18° 22' : 83° 38'), 1,378 tons. 

Gumadam (18° 26' : 83° 36'), 686 tons. 

Gxtnpam (18° 6' : 83° 39'), 13 tons. 

Japa (?), 890 tons. 

Kondapalem (18° 16' : 83° 37'), 40 tons. 

Kothavalsa (17° 53' 30": 83° 15'), 376’. tons. 

Kottapeta (?), 195 tons. 

Lakshmipxtram (18° 16' : 83° 40'), 3,672 tons. 

Lingalavalsa (18° 17' : 83° 45'), 2,156 tons. 

Mukkunararannapbta (?), 5 tons. 

Naiduvalsa (? 18° 40' : 83° 18'), 54” tons. 

Nellimarla (18° 11' : 83° 31'),' 3,942 tons. 

NimmaIiAVALSa (18° 18' : 83° 44' 30"), 754 tons. 

Eavivalsa (18° 18' 83° '39'), 21 tons. 

Eegati (?), 4 tons. 

Sarvbswarapubam (?), 81 tons. 

Sivandhoravalsa (18° 24' : 83° 30'), 41 tons. 

Sokarapalem (18° 19' : 83° 46'), 264 tops. 

VbdtjlIiAVALSa (18° 21' : 83° 35'), 1,048 tons. 
Viswanadhapuram (18° 30' 30" : 83° 13'), 8 tons. 
ViziARAMPURAM (18° 12':, 83° 31'),- 2 tons. 
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^ The output' of manganese ore from the district reached a maxi- 
mum in 1907, when it amounted to 136,169 tons. Since then it 
has declined considerably, the average annual production during 
the five years 1909 to 1913 having been 52,812 tons. In 1914 it 
fell to 26,375 tons. In 1915 an output of only 288 tons was 
recorded, and in 1916 of 2,765 tons. 

MYSORE. 

The occurrence of manganese ore in Mysore was mentioned by 
Ainshe (17, Vol. I, 538) in 1826, but without specifying the localities. 
Since the beginning of the present century, prospecting operations 
carried out by the officers of the State Geological Department have 
resulted in the discovery of a large number of deposits, some of 
which are of considerable commercial value ; but in many cases the 
higher grade ores have apparently been worked out, for the produc- 
tion has declined from about 230,000 tons in the three years 1906 
to 1908, to about 54,000 tons in the three years 1912 to i914. The 
output in 1915 was 23,125 tons and in 1916, 24,911 tons. 

The ores are in all cases of a superficial character, resembling 
the lateritoid ores of Sandur in their mode of origin and occurrence. 
They form masses, often of considerable size, in the lateritoid rock, 
and occur also as concretionary nodules and nests in the underlying 
lithomarges, decomposed phyllites, and quartzites, either in the form 
of psilomelane or pyrolusite. The depth of the deposits will pro- 
bably be seldom found to exceed *50 feet, and is usually much loss 
than this. The ores are usually of second or third grade quality, 
with a comparatively high percentage of iron, but with Icm* silica 
and phosphorus. The deposits occur on the outcrops of the bands 
of Dbarwar rocks which traverse the Mysore plateau in a general 
north to south direction (P. 1117). 

'Bangalore. — Specimens of banded iron and manganese ore, and 
of brown wad with fibrous manganese, were sent from this district 
to the Madras Exhibitions of 1855 and 1857, but- the localities arc 
not stated (P. 1119). 

€hitaldroog.— Sadarhalli (14® 8' : 76° 15'). A deposit of latcri- 
toid rock, forming a capping to a hill situated about a mile and a 
half to E. . N. E. of the village. The thickness varies from 2 to 20 
feet. Psilomelane is found in the lateritoid rock and to a certain ex- 
tent in the underlying lithomarge, and pyrolusite in decomposed bands 
of quartzite. The amount of ore available may bo about 10,000 tons. 
In one place there is a deposit of pisolitic manganese and iron ore 
resembling true laterite. The ores tend to be high in silica (P. 1122), 
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Dod Kittadhalli (13° 56' 30" : 76° 26'). Smeeth (1658 — 2, 42> 
has recorded the occurrence of manganiferous hematite at this- 
localit)^ (P.1124). 

Madadkere (13° 63' 30" : 76° 27'). Bands of soft earthy 
manganese ore, associated with hematite quartzite and earthy fer- 
ruginous limestone, were found by Sambasiva Iyer (1548 — 9 ) on a 
line of low hills to the E. of the village. A specimen from an out- 
crop 6 feet in width contained 34 per cent, of manganese. Extensive* 
areas are also, said to be covered with a deposit of dark mangani- 
ferous earth yielding 9 per cent, of manganous oxide (F. 1124). 

Nirgudda hills (13° 58'; 76° 29'). In one of these hills, called 
Munisinganagudda, workable bodies of manganese ore are said to 
have been found (F. 1125). 

Iplara hills (13° 55' : 76° 24'). Loose pieces of manganese 
ore, some of good quality, mixed with fragments of manganiferous 
iron ore, were found by Smeeth (1652 — 3 , 167 ; — 7 , 24) on* these 
hills. The occurrence of manganese ore in ferruginous quartzites- 
and schists on Bodimaradi hill in this neighbourhood has also been 
recorded by Smeeth (1652 — 8, 17) — (P. 1125). 

Particulars of prospecting operations carried out in 1907 have 
been given by Balaji Eao (68 — 3). The ores are said to be of low 
grade, and are usually found at depths of 8 to 10 feet from the 
surface. * 

The output of ore from this district, during the years 1906 to 
1910, amounted to 16,611 tons. No returns of production have 
.been recorded since the latter year. 

Kadiir.— Ubrani (13° 51' : 75° 58' 30"). Slater (1649—5, 26) 
mentions having found lumps of manganese ore on the road 
loading westwards from XJbrani to Gangur, in the Shimoga district 
(F. 1126). 

KannikalmatTi hill (13° 48' : 75° 53'). In the map attached 
to Slater's report cited above (PI. II), manganese and iron ores 
are showii as occurring on the crest of the hill. Largo deposits of 
detrital ore have also been found at the base of the hill on the N. W. 
side, lying both in the Kadur and Shimoga districts. The deposits 
show nodules and concretions of psilomolano in a matrix of clay^ 
as much as 25 feet deep in one place (P. 1126). 

An output of 3,307 tons of ore is recorded in the year 1909 from 
this district, 

Shimoga. — ^Manganese ore from tliis district was shown at the 
Madras Exhibition of 1855, and small quantities were afterwards 
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employed at the Madras School of iVrt for colouring pottery and 
glass ; but it was not until the district was geologically surveyed 
by Slater (1649 — l ; 3 — 7 ) in 1901 — 1907 that the existence of 
deposits of commercial value was discovered. 

The rocks associated with the ores are phyllites, dolomites, and 
quartzites comprised in the Dharwar-Shimoga band of the Dharwar 
series. The ores occur as lateritoid masses, resting upon the out- 
crops of these rocks, especially of the decomposed phyllites and quart- 
zites, and are usually found on the tops of the bills, forming cap- 
pings with a nearly horizontal upper surface. In mode of origin 
they resemble the lateritoid ores of Sandur in Bellary, and consist 
of the same varieties, psilomelane, wad, and pyrolusite. Piso- 
litic ores, composed of spherules of psilomelane set in a matrix 
of wad or of lead-like psilomelane, are not uncommonly found. 
The ores are usually of second or third grade quality, containing 
on the, average about 47 per cent, of manganese. They contain a 
comparatively high percentage of .iron, but that of silica and phos- 
phorus is very low (F. 1129). 

The localities at which the deposits occur ye arranged in five 
groups by Fermoj;: — 

I. Shikarpur group:— 

The group comprises five deposits, extending in a line eastwards 
from Itigehalli (14° 14' : 75° 28' 80") through Vabderpur, Hosur 
and Kagtnelli to Ballur (14° 15' : 75° 34' 30"). No information 
with regard to the mode of occurrence or extent of the deposits has 
been published (F- 1133). 

II. Ayanur group : — 

Tuppur (14° 5': 75° 22'). A specimen of dull grey psilomelaie 
from this deposit, situated to S. W. of the village, contained 32-10 
per cent, of manganese and 28-11 per cent, of iron (F. 1134). 

Kxjmsi (14° 3' : 75° 27'). These deposits are situated^ on the 
northern slope of the hills about SJ miles to N. by W. of the village, 
and are the most extensive in the district, measuring about 1,000 
feet in length, and 32 feet in width. In 1907 the workings had 
reached a depth of 25 feet without signs of serious deterioration 
in the ore, and the total quantity available within a maximum depth 
of 50 feet was estimated by Fermor at about 300,000 tons. The 
deposits mainly consist of large concretionary boulders of psilo- 
melane, with comparatively little interstitial clay, but in places 
they appear to be bedded. The quality of the ores is variable, 
owing to the replacement of manganese by iron. The mean of 14 
analyses showed : — Mn=46'68 : Fe=10-86 : Si © 2 = 1-34 per cent. 
(F. 1136). 
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The deposits are worked by the New Mysore Manganese Co., 
and produced about 160,000 tons of ore during the three years, 
1906 to 1908. 

Bikonhalli (14° 2' : 75° 39'). The ores occur in lateritoid 
cappings on a hill situated nearly 2 miles to . W. S. W. of the village. 
They are developed in a very irregular manner, forming a network 
in partly replaced phyllite and quartzite, and probably do not con- 
tinue to a greater depth than 50 feet. The chief ores are pyrolusite 
and manganiferous limonite. Analysis (.average sample) ; — Mn= 
45-23 : Fe=10-36 : P=0-053 per cent. (P. 1139). 

Aladhalli (14° 2' : 76° 40'). Two outcrops of ore are said to 
occur on the side of a hill to the S. of the village (F. 1142). 

III. Shankargtoda group : — 

Shankabgttdda (13° 65' ; 76° 28'). Deposits of pisolitic man- 
ganese ore were found by Slater ( 1649 — 4 , 54) at three places on 
the crest of the range to the S. E. and S. S. B. of Shahkargudda 
peak. The deposits were being worked in 1907 by the New Mysore 
Manganese Co. Hand specimens of the ore yielded from 40 to 55 
per cent, of manganese, 4 to 17 per cent, of iron, and 0-06 per 
cent, of phosphorus (P. 1143). 

Venkataramaiya (1838 — 3 , 167) has given details of the mines 
worked by the Workington Iron and Steel Co. in these hills. 

Tibandur (? Todur, 13° 43': 76° 27'). Slater ( 1 . c.) records the 
■ find of a loose block of manganese ore 3 furlongs to E. of the 
village, which is situated between Mandagadde and Malru, about 14 
miles to the S. of Shankargudda. 

IV. Channagibi group : — 

SuLEKEEB (14° 8' : 75° 56'). A deposit is said to exist on a hill 
at the western end of Sulekerc tank (F. 1145). 

Gaudikalmatti (13° 57' : 76° 54'). The deposit formed a cap- 
ping to a small bill at the road side, 46 J miles from Chitaldroog, but 
has been largely removed by excavation. A considerable quantity 
of detrital ore was seen on the slopes of the hill (F. 1145). 

Buddamatti peak (13° 67' ; 76° 65'). Situated a little E. of the 
road about 45|- miles from Chitaldroog. An outcrop of lateritoid 
iron ore is exposed, by the side of which is an excavation showing 
yellow ochre mixed with psilomelane and containing large patches 
of pyrolusite (F. 1146). 

Hosiialli (13° 58' : 76° 55'). Lateritoid deposits occur in a 
group of four hills lying to S. S. E. of the village. On the most 
southerly of these, — called Treasury hill in consequence of a discovery 
of fine specimens of radiate pyrolusite lining cavities, — a trench sec- 
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tion exposed about 44 feet of alternating layers of psilomelane and 
yellow ochre. The psilomelaue is often intimately associated with 
;a peculiar horny variety of hematite (F. 1146). 

V. Shiddarhalli s group : — 

Gangur (13° 51' : 75° 53' 30"). Slater (1649 — 6, 24) records the 
•occurrence of lateritic (lateritoid) deposits with hematite and piso- 
litic manganese ore over an area of 2 to 3 square miles on the crest 
‘Of a ridge lying to it. N. E. of the village. About 1,000 tons of ore 
vare said to have been raised in 1907 (F. 1148). 

KA-NJIGANAGUTTI 

Urtjmanjanmatti. ^ These three deposits are situated within a 

Nagalagutti J mile to N. and N. B. of Shiddarhalli village 
•*(13° 48' : 76° 52'). The first shows clearly the passage by replace- 
ment of argillaceous rocks, — slates or phyllites — ^into lateritoid 
•containing wad, psilomelane, and hematite. The second exhibits the 
impregnation and replacement of quartzites by iron and manganese 
^oxides. The third deposit, lying .at the base of Urumanjanmatti 
hill on the E. side, consists of detrital ore probably derived from 
the summit of the hill by denudation (F. 1149), 

The production of manganese ore in this district has greatly 
'dechned since the year 1907, when a maximum output of 97,091 
tons was recorded. The average for the five years 1909 to 1913 
was 26,087 tons. In 1914 the district produced 18,055 tons. 

Tumkur. — The manganese deposits of this district are all situated 
within a radius of 12 miles to the B. and S. E. of Chiknayakanhalli 
(13° 25' : 76° 41'), and lie in the southern extension of the Chital- 
.droog or Dambal-Chiknayakanhalli band of Dharwar rocks. The 
ores are of poor quality, probably containing on the average not 
more than 42 to 45 per cent, of manganese. The deposits are 
•divided by Eermor into three groups, only one of which has been 
-described : — 

^ fHoNNEBAGi (13° 24' : 76° 41' 30"). 

Chiknayakanhaili group. Ihoshaili (13° 26': 76° 42'). 

r Mavinhalli (13° 22' : 76° 47'). 

KondI/I. group. ■] Kondli (2 deposits) — (13° 22' : 76° 48'). 

L Shivasandba (13° 21' : 76° 47' 30"). 

. KLaeekuohi group : — 

SoNDENBALLi (13° 22' : 76° 43'). Yellow ochre with patches of 
•pyxolusite and limonite is exposed in pits, also lateritoid outcrops 
•with psilomelane and pyrolusite (F. 1163). 
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Muskonbli (13° 21' 30" : 76° 47'). A trench shows wad and 
ochre with residual patches . of quartzite partly converted into 
cavernous pyrolusite and limonite (P. 1153), 

Karekurohi (13° 21' : 76° 46'). Outcrop of lateritoid rock on 
elevated ground about half a mile to E.^ 1Q° N. of the village. 
Patches of psilomelane and pyrolusite, sometimes of good quality 
and considerable size, are found irregularly distributed through a 
mixture of ochre, lithomarge, and wad (P. 1153). , 

Hattyal (13° 20' : 76° 45'). Pyrolusite and wad occur as , 
patches and bands respectively in white lithomarges. and -^sandstones,^ 
(probably decomposed quartzites) (F. 1154). 

Harenhalli (13° 19' : 76° 46' 30"). The deposit here is similar 
to that at Karekuxchi. 

During *the years 1906 to 1908, the district producedT '26,101 tons 
of ore. Since then no output has been recorded. 

NORTH-WEST FRONTIER PROVINCE- 

Koliat. — A bed of flattened concretionary nodules, consisting 
of limestone in\prcgnated and partly replaced by manganese oxide 
was found in 1906 by Amin Khan, a student at the Cawnporo Agri- 
cultural College, on the western slopes of Tajut hill (Taghoot Sir, 
33° 31' : 71° 12'), two miles to the S. of Ibrahim Zai (P. 1165). . 

PUNJAB. 

Jliang. — ^K irana hills (31° 58' : 72° 46'). Fleming (691 — 5, 
446 ; — 8, 94) states that he found small specimens of pyrolusite 
filling cavities in " sandstone ' (slates) ; but Heron, who examined 
these hills in 1909 {see Hayden, 793 — 24 , 71), could find only traces 
of the mineral (F. 1166). 

Kangra. — Crystals of marcclline, an impure form* of ' braunite, 
have been reported by Marcadieu (1168 — i, 4) to occur at a spot 4 
miles to the N. W. of Dharmsala (32° 14' : 76° 23J. They are said 
to be found in a ferruginous and manganiferous limestone. 

Calvert (265 — 2, 11) mentions the occurrence of a small lode qf 
pyrolusite with bismuth at Thirri (Sirkt, 31° 60' : 77° 14'), on the 
borders of Kulu (P. 1156). 

Patiala. — Bose (173 — 21 , 58) states that extensive deposits of 
limestone and shale impregnated with manganese oxide occur in 
the neighbourhood of Goela, Durga-ka-Nangal (27° 63' : 76° 6'), 
etc., in the Namaul district. Specimens consist of amphibohtic lime- 
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stone partly replaced by manganese, but not sufficiently so to render 
the ore commercially valuable (F. 1156). 

RAJPUTANA. 

Ajmer. — Specimens of stalactitic psilomelane with limonite are 
preserved in the Geological Survey Museum (Mallet, 1159 — so, 
61). Pyrolusite has been found near Kharwa (26° 12' ; 74° 30') 
by R. D. Kanga (F. 1167). 

Alwar. — ^The iron ore of Bhangarh (27° 5' 30" : 76° 21') is 
reported by Hacket (730 — 2, 91) to contain 12-7 per cent, of manga- 
nese (F. 1167). 

Banswara. — Deposits of manganese ore have been found by 
Messrs. Kiddle, Reeve and Co. of Bombay at Itala (23° 17' 30" : 
74° 22') and the villages of Sagwa, Ghatia, Khunda, Sivonia, 
and Gaeadia, all situated within a few miles to the N. W. ,of 
Itala. The ore at Khunda and Sivonia is said to be of good quality. 
Specimens of pyrolusite from these deposits have been found to be 
exceptionally pure, containing 61-68 per cent, of manganese (F. 
1157). 


Buudi. — Small veins of oxide of manganese occur in fault rock 
near Datunda (25° 27' : 75° 30'). According to Hacket {see Ball, 
71 — 45, 331), these deposits have not been worked (F. 1158). 


(Jodhpur) } specimen sent to the Geological Survey Office,. 

obtained by Major Hughes near Haeipue, (26° 1' : 74° 5'), proved 
to be partly altered rhodonite (F. 1168). 


V 1- — ^Mallet (1159 — 50, 61) mentions specimens of 

(Udaipur). J ' 

psilomelane with limonite, collected at Gangae (25° 3' : 74° 40') by 
Hacket (F. 676). 

UNITED PROVINCES. 

Mirzapur. — ^The only known instance of the occurrence of man- 
ganese in these provinces is recorded by Mallet (1159—50, 84). 
He says that a specimen of rhodonite was given to him by a Man, 
or native iron-smelter, who found it a foot or two beneath the surface 
in the southern part of the Mirzapur district. The precise locahty 
is not mentioned (F. 1158). 
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MARBLE see under BUILDING MATERIALS. 

MELANTERITE see SULPHATES— IRON. 

MERCURY. 

The evidence in favour of the occurrence of mercury in India or 
the adjacent countries is defective and unsatisfactory, since it de- 
pends almost entirely on single statements which do not appear to 
have been subsequently investigated. Those accounts which do 
not owe their origin to the accidental breaking of a barometer tube, 
01 perhaps the escape of mercury from a dispensary, refer, with the 
exception of Aden, to localities which are diflGicult of access. 

ADEN. 

Malcolmson (1168 — il) gives a circumstantial account of the 
discovery of small globules of mercury in a cellular mass of lava, 
which was found at a depth of 15 ft. at a spot about 200 yards from 
the beach on a road then (1843) being made through the centre of 
the new cantonment (B. 172). 

AFGHANISTAN. 

Hutton (900 — 8, 600) states that mercury is said to be dug out 
of the ground at PiR Kisri (? 31® 18' : 62® 18'), in the district of 
Gurmsael or Garmsir (B. 170). 

ANDAMAN ISLANDS. 

Ball (71 — U, 238) quotes a statement made by Mahommedan 
travellers in the ninth century, to the effect that a party of sailors, 
having landed on an island supposed to bo one of the Andamans, 
and having lit a fire, saw a metal resembling molten silver run from 
the heated rock. They are said to have brought away a quantity^ 
of the ore, but were compelled by a storm to throw it overboard ; 
and the locality, though carefully sought for, was never again identi- 
fied. 

Another account by Hamilton (744, Vol. II, 66 ; quoted by" 
Mouat, 1268 — 3, 12) states that a slave from the Little Andaman, 
who had been permitted to revisit his country, brought away^ a- 
quantity of quick-silver, which he reported to be abundant. Ball 
appears to consider it possible that cinnabar may occur in connection? 
with the intrusions of serpentine known to exist in the islands (B.. 
171). 

2 a 
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BURMA. 

It has been, asserted., on what appeared to be good authority, 
that cinnabar has been found in the Shan States ; but it is probable 
that the brilliant red clay derived from the dolomitic limestones of 
the plateau has been mistaken for this mineral (La Touche, 1034 — 45 , 
379). 


TIBET. 

Saunders (1559-^1,- 9Q) mentions the occurrence of cinnabar in 
Tibet, but does not specify the locality. According to GutzlafE 
(728-2, 202), it is said to be found at Batang (30° 0' ; 99° 30'). 

MCA. 

A monograph on Indian mica, in which the mineralogical and 
chemical characters of this substance, its geological occurrence and 
geographical distribution, and the methods of working the deposits 
were fully d^ussed, was published by Holland (859 — 37 ) in 1902, 
From this worE the notes given below are mainly extracted, references 
to it being denoted by the letter H. 

Although mica is one of the most common constituents of schists, 
gi'anites, and other crystalline rocks of metamorphic or igneous 
origin, it occurs as a commercially valuable product only in the 
coarser forms of pegmatite, which are believed to have solidified at 
considerable depths in the earth’s crust. It is therefore restricted 
to areas which have undergone long continued denudation; and, 
on account of the susceptibility of the mineral to deformation by 
earth movements, to those which have not been subjected to violent 
crust disturbances since the period of intrusion of the pegmatites. 
These conditions are fulfilled by the Indian peninsular region, which 
has' enjoyed a period of quiescence since at least the lower Palseozoic 
age ; and accordingly the most valuable deposits of mica are to 
be found in this area. 

The pegnoatites commonly occur in the form of sheets intruded 
along, but sometimes cutting across, the foliation or bedding pianos 
of mica schists, quartzites, etc., of the upper Archasan group, or 
occasionally forming lenticular masses and bosses. The mica is of 
the variety known as muscovite. 

The average annual production of mica in India, during the five 
years 1909 to 1913, amounted to 36,749 cwt., or about 65 per cent, 
of the wbtld’s production during the same period. In 1914 the out- 
put was 40,506 cwt., but in 1915 it fell to 27,140 cwt. 
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BIHAR AND ORISSA. 

The mica deposits of this province are distributed along a belt 
of schists and associated gneissose granite (dome-gneiss), about 
12 miles in width, forming a scarped border to the gneissic plateau 
of northern Hazaribagh, and extending from Bendi in that district 
through the south-eastern portion of Gaya to the neighbourhood 
of Nawadih or Jha-Jha in Monghyr, a distance of about 60 miles. 
Up to the year 1902, some 250 so-called " mines " had been opened 
along this belt. These workings were of the most primitive and 
wasteful description, being either trenches not more than 20 to 
25 ft. deep, or tortuous holes following the mica from " book ^ to 
' book," in which no adequate provision was made for dealing with 
water or waste material, or for ventilation. They were* described 
: by* Buchanan-Hamilton {see Martin, 1181, Vol. I, 244) in 1838, and 
later by McClelland (1117 — 33 , 20), Sherwill (1625 — 7), and Mallet 
(1159—7, 41). 

About the year 1898, a regular system of miDing by means of 
-shafts and cross-cuts was adopted by the Indian Mica Co. at Lalki, 
near Bendi, under the direction of Mervyn Smith (1654 — 6), and has 
been gradually extended to other localities. The advantages of 
employing a systematic plan of stoping, which is rendered possible 
by the occurrence of the mica-bearing pegmatites in more or less 
regular sheets, has been pointed out by Holland (H. 80). 

During the years 1904 to 1914, seven mining leases, covering a 
total area of 2,072 acres, were granted in the Gaya district, and 71 
leases, covering 11,902 acres, in Hazaribagh. 

The principal mining centres enumerated by Holland (H. 46) 
are 

Gaya Dabue (24"^ 36' 30" : 85° 36'). 

Rajauli (24° 39': 85° 33' 30"). According to Sherwill 
{I, c.), writing in 1851, those mines produced about 14 tons of mica 
annually, yielding about 23. million plates of 9 ius. square. 

Hazaribagh Bendi (24° 3i: : 85° 28' 30"). 

Charki (24° 34' 30": 86° 53'). 

Duab (24° 36': 86° 60'). 

Domohanoh (24° 28' 30": 85° 45'). 

Gawan (24° 37' : 86° 68' 30"). 

Gharanji (24° 33' 30": 86° 12'), 

Kodarma (24° 28': 85° 39'). A. full description 
of the mode of occurrence of mica at this locality and in the neigh- 
. bourhood, and of the mining methods employed, has been given by 
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Dixon (490). A systematic plan of working tke deposits was intro- 
duced about tke year 1907, and has been described by Dickson 
(485 — 1; — 2). The dip of the pegmatite sheet having been ascer- 
tained by follovjing it to a depth of about 100 ft., and the strike by 
an exploratory drSt following the hanging wall, the bodies of mica- 
bearing pegmatite met with are worked out by a series of transverse 
cuts, the spaces left being filled in with waste rock. Overhand 
stoping is not advocated by the author, on account of the danger 
from falls of the roof, where many of the miners employed are o£ 
necessity practically untrained. 

Tisei (24° 35': 86° 7'). 

Mongbyr , Mahaisei (24° 42' : 86° 19'). 

Nawadih or Jha-Jha (24° 47' : 86° 26' 30"). 

The average annual output from the Bihar mica belt, during the 
five years 1909 to 1913, amounted to 25,579 cwt. In 1914 the 
production was 33,275 cwt., and in 1916, 22,195 cwt. 

Mayurbhanj. — Bose (173—20, 171) has recorded the occurrence 
of promising veins of mica-bearing pegmatite, exposed at intervale 
along the Sankeai K. in the neighbourhood of Jamgodia (22° 6': 
86° 34'). Plates .measuring more than 8 sq. ins. were obtained 
from the outcrop. Pieces of smaller dimensions were observed 
near Siesa (22° 14' 30" : 86° 42' 30") and Bangaeeosi (22° 9' : 86° 3-5') ; 
also about Tieing (1 Tieingdih, 22° 31'; 86° 8') and Eaibedi (22°' 
27' 30" : 86° 4'). >n the Bamanghati sub-division of the State. 

BOMBAY. 

^^ta^Udaipur) 1 reported to occur in 

tho G-abadia hills, within 3 miles of the town of Chota Udaipur 
(22° 18' : 74° 4'), but have not received expert examination (H. 53), 

(Narnkot). — Mica occurs in abundance, according to Fulljames 
(629 — 9, 101), on a hill called Dhola Sodue, lying to the S. W. of 
Jambhugoda (22° 22' : 73° 48'), but is found only in small fragments 
(H. 53). 

BURMA. 

Small quantities of mica have been obtained near Ye-nya-u, in 
the neighbourhood of Thabeikkyin (22° 53' : 96° 1') in the Euby 
Mines ^strict ; and its occurrence has been reported from several 
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places near the Indaw R., flowing into the Indawgyi lake (25° 15' : 
'OS® 26'), in the Myitkyina district (H. 5i). 

CENTRAL INDIA AGENCY. 

jUiabua. — ^Mica has been reported to occur at Kanas (22° 31' 30" : 
74° 36') and Eanapur (22° 39' : 74° 35'), but on investigation the 
-deposits were found to be of no value [see Holland, 859 — 66, 48). 

Rewah. — Sheets of mica, 4 to 5 ins. square, have been found at 
Bardghatta (23° 58' : 82° 47') in Singrauli. The rocks of this area 
lesemble and appear to form a continuation of those constituting the 
Bihar mica belt, and are traversed by numerous intrusions of schorla- 
ceous pegjnatite (H. 54). 


CENTRAL PROVINCES. 

Balaghat. — Grant (690, 18) mentions old mica workings in the 
Baihar sub-division of the district. As the result of exploratory 
work, some mica was raised at Chitadonori (22° 8' : 80° 31') and 
Bamni (22° 8' : 80° 41' 30") in 1869, but apparently in sizes not 
larger that) 8 sq. inches (H. 55). 

A mining lease in this district, covering 171 acres, was issued 
in 1912 to Messrs. Lalbihari and Ramcharan, but no output has yet 
been recorded. 

Bastar. — ^Plates of muscovite measuring 4 to 5 ins. across were 
found in 1899 by Bose in a coarse granitoid rock exposed in the 
Baordhig R. to the S. of Jtjngani (19° 45' : 81° 43'). The speci- 
mens obtained were' from the weathered outcrop, and were damaged 
by gliding planes (H. 55), 

Bilaspur. — A certain amount of prospecting has been undertaken 
at Komooiioki (22° 36' 30" : 82° 7'), where there are numerous peg- 
matite veins, but the mica obtained did not exceed 2 ins. square, and 
was of second-rate quality (H. 65). 

MADRAS. 

Coimbatore. — Muscovite occurs in coarse corundum-bearing fels- 
par rocks near Karatapalaiyam (11° 3' : 77° 35'), and in numerous 
pegmatite veins in the same neighbourhood and near Padiyur 
■{ 11° 3' 30" : 77° 33'). An attempt to work the deposits proved un- 
successful, as the mica is not sufficiently large or abundant to pay for 
mining the mica alone (H. 58). 
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In the year 1913, four mining leases, for mica, covering a total 
area of 238 acres, were issued in this district, but no statistics of 
output have yet been recorded. 

doorg. — ^Muscovite of good quality has been found near Polli- 
BE'ITA (12^ 14'; 76° O'), in pegmatite veins traversing a group of 
schists similar in character and origin to those associated with the 
mica deposits of Bihar and Nellore. The plates obtained were in 
one case large enough to be cut into rectangles from 6x7 ins. to 
12x14 ins. in size, and were favourably reported on in London, 
but no development of this area has apparently taken place (H. 55). 


Ganjam. — ^Veins of coarse pegmatite, occasionally charged with* 
mica, were found by Smith (1657 — 3, 164) at the villages of Gorad- 
A^TDi, Rodiamba, and Jillundi, situated a few miles to the S. Wi of 
Russelkonda (19° 66' 30" : 84° 39'). The occurrence at Jillundi was 
the most proimsing,^plates of mica of 6 ins. diameter being ob- 
tained at a depth of 3 to 6 ft. ; but at a depth of 8 ft. the mica dis- 
appeared. It was of poor quality and very frequently penetrated 
by crystals of quartz. 

Mica of poor quality has been reported to occur at Sisunda 
(20° 3' : 84° 46' 30"), and at a locality 4 miles to N. and 2 miles to* 
E. of the Rayagada and Guma hills (18° 59' : 84° 5'), in the Parla- 
kimidi estate (H. 58), 


Malabar T -tr . • i • 

(Wynaad) J — promising veins of mica-bearmg 

have been discovered at the following localities : — 
Cherambadi (11° 32' : 76° 22'). 

Dbvala (11° 28': 76° 26'). 

GtTDALTO (11° 30' : 76° 33'). 

Nellakota (11° 34' 30" : 76° 27'). 

Pand'altjk (11° 29' : 76° 24'). 


pegmatite- 


The * books * of mica in this area usually occur in the centre of 
the pegmatite veins, with dyke-hke masses of quartz on one side, 
and almost quartz-free felspar on the other. At Cherambadi, the 
only place where mining had been carried on in 1902, the mica, 
according to Hayden (793 — s,- 56), was ruby-coloured and of excellent 
quahty, occurring in crystals up to 2 ft. in diameter. The mica is 
remarkably free from accessory minerals, and the country rock is- 
usually a soft biotite gneiss, which is easily worked (H. 65). 
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Nellore. — Mica mining in the Nellore district has attained con- 
siderable importance since the first nadne was opened in 1889 •'at 
Inikurti. During the years 1904 to 1914 inclusive, the mining 
leases issued numbere(i 166, covering a total area of more than 11,000 
acres. The mode of occurrence of the principal mica .deposits have 
been described by Thompson (1772), 'Krishnaiya (1014), and Dixon 
(490) ; and the geology of the region by T. L. Walker {see Holland 
859—37, 69). 

The plains of Nellore, lying between the Veligonda range of hills 
and the Bay of Bengal and between the 14th and 15th parallels of 
latitude, are occupied by a complex series of gneisses and schists, 
striking generally from N. N. W, to S. S. E. The eastern half of this^ 
schistose area is traversed by numerous sheets and lenses of coarse 
pegmatite, consisting of mica, felspar, and quartz. Krishnaiya 
divides the mica belt into four zones, named respectively after the 
towns of Gunun (14° 9' : 79° 54' 30"), Eapur (14° 12' : 79° 36'), 
Atmakur (14° 37' : 79° 41'), and Kavali (14° 54' 30" : 80° 3^). 
The principal mines, —those of " Pallimitta ' and ‘ Tellabodu ' near 
Saidapuram (14° 11' : 79° 48') ; Kaltchedtj (14° 18' : 79° 48') ; 
Inikurti (14° 20' 30" : 79° 46' 30") ; and ' Lakshminarayana' near 
CHAaANUM ,(14° 12' 30" : 79° 44' 30"), are situated on lenticular masses 
or bosses of pegmatite. ' Sankara ' mine, 3 miles to the W. of 
Gexddalur (14° 16' : 79° 60') lies on a vein over 100 ft. in length and 
40 ft. wide. These are all in the Kapur zone. A vein 16 ft. thick, 
in chlorite schist, is worked at Mangalpur (?) in the Gudur zone; 
and a mine named ' Rappala Dibba ^ in the Atmakur zone is worked 
in a vein about 160 ft. long and 40 ft. wide. In 1910 the Inikurti 
deposit had been quarried to a depth of 150 ft, ; and in this and some 
of the other mines levels were being driven underground, but only 
six were equipped with pumping machinery. 

The mica obtained is usually of a greenish colour, duo to a trace 
of chromium, but ruby-coloured mica is occasionally found. Much 
of it is stained with oxide of iron. The production reached a maxi- 
"mum in the year 1906, when it amounted to 24,420 cwt. Since 
that year it has declined, the average annual output for the quin- 
quennial period 1909 to 1913 being 8,868 cwt., as against 12,931 
cwt. in the preceding five years. In 1914 the output fell to 5,989 
cwt., and in 1916 there was a further decline to 3,894 cwt. 

Saileni. — Plates of brownish muscovite, measuring a foot across 
the cleavage pianos, were obtained by Middlemiss near Tddapadi 
(11° 35' : 77° 53' 30"), and mining on a small scale has been attempted 
at Chinnamali, near that town, and at Arasiramani (11° 33' 30" : .77° 
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61')- The pegmatites of this area are instrusive in granites, and are 
not likely, in Holland’s opinion, to contain mica in pairing quantity 
(H. 66). • 

Travancore. — A.naber-coloured phlogopite, biotite and muscovite 
occur in the Eraniel Taluk, according to Masillamani (298, 21, 34; 
1188, 3), in veins of coarse pegmatite, but attempts to work the de- 
posits have proved unsuccessful. The principal localities mentioned 
are Tipperamalai (1) and Tolicode (8° 14' : 77° 16'). 

In the northern division of the State, veins of mica were observed 
by Chacko (297—1, 9) at Kurinji (9° 49' : 76° 44'). An outcrop 
■50 ft. long by 20 ft. broad was exposed, but the mica was of poor 
quality. 

Vizagapatam.— Phlogopite in even sheets, 4 to 5 ins. in diameter, 
exhibiting the phenomenon known as asterism, has been found on 
the Waltair estate (H. 23,67). 


MYSORE. 

Hassan.— According to Sambasiva Iyer (1548 — 10, 60), mica in 
plates up to 6x6 ins. in size is said to occur in a watercourse draining 
a tank to the E. of Chikkanhalli (12° 46' 30" : 76° 10'). 

Kadur. — Sampat Iyengar (1549 — il, 69) records the occurrence 
of mica in plates up to 10x8 ins. in size in pegmatite veins intrusive 
in gneiss near Kikri (13° 25' : 76° 20'). The mica is said to be con- 
fined to a depth of 10 ft. from the surface. About 540 cwt. had been 
collected by the end of March 1911. 

Mysore. — ^Primrose (1431 — 2, 62 ; — 8, 220) mentions the occurrence 
of mica in plates of fairly large size in veins of coarse pegmatite near 
Ktjpya (12° 28' 30" : 76° 19') in the Yedatore Taluk, and at Undi- 
VABi (12° 24': 76° 37'). 

Mica has been worked, according to Wetherell (1915—1, 101), 
in a vein of coarse pegmatite near Virasimudra (Vadesamudra, 
12° 33' : 76° 47') to the N. E. of French Books. 

A list of the localities at which mica has been observed by the 
State geologists in Mysore is quoted by Holland (H. 68). 

Since the year 1911 a small annual output of mica has been re- 
corded from the Mysore State. The amount raised to the end of the 
year 1915 was about 150 cwt. 
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PUNJAB. 

Ciargaon. — Mica in large plates is said to be obtainable at Mahan 
Ti (?) and Bhxtnsi (28° 21' : 77° 7'). According to Baden-Powell 
(60 — 1, Vol. I, 42), a fine specimen from one of these localities was 
shown at the Lahore Exhibition of 1864 (H. 68). 


(MabcbO 1 — Crystals of brown muscovite, measuring up to 5 or 

6 ins. in diameter, and 1 or 2 ins. thick, were observed by- Mallet 
(1159—1, 169) in the granite at Wangtu BBinaB (31° 32' : 78° 4') 
on the Sutlej E. (H. 69). 


(Kulu). — Plates of mica of marketable size have been obtained 
in the upper Chandra valley, especially near the Hamta pass' (32° 16': 
77° 26'), and in the upper reaches of the Parbati valley; but they 
Lave usually been deformed by earth movements. They occur in 
contemporaneous veins in gneissose granite, and in veins of pegmatite 
traversing the associated schists (H. 69). 

Patiala. — ^Bose (173 — 21, 68) mentions the occurrence of musco- 
vite in lenticular veins of coarse grained granite intrusive in Arvali 
rocks in the Narnaul tehsil. The localities specially mentioned are 
■G^atashbr (27° 68' : 76° 6'), Saraiu, Musmuta, and Panohnauta 
(27° 63' 30" : 76° 4'). ‘ Books ’ of mioa up to 9x6 ins. in size were 
•obtained. 

RAJPUTANA. 

Ajmcr-Merwara. — Irvine (910 — l, 165) states that mioa in large 
plates occurs abundantly in the district. It has been found near 
Ajmer (26° 27' : 74° 41'), Bhinai (26° 3' : 74° 50'), and Talana 
(26° 19' 30" : 74° 66') ; and in Merwara at Kalinjae (26° 0' : 74° 
19' 30"), Rawatmal (26° 64' 30" : 74° 13' 30"), and Suliakheua (26° 
49' : 74° 8' 30"). No extensive mining has been carried out in the 
•district (H. 70). 


Jaipur. — A plate of mica measuring 10|x6^ inches was sent to 
the Colonial and Indian Exhibition of 1886. .In quality it was 
inferior to Hazaribagh mica (H. 70). 

Kishangarli. — ^Weathered samples of mica from this State were 
reported on by Dunstan (514 — 2) in 1900 and pronounced to be 
worthless, on account of tho striated and cracked condition of the 
sheets. Several outcrops of coarse pegmatite, traversing gneissose 
igranite, were, subsequently examined by Vredenburg. The most 
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promising veins were seen about a mile to the S. W. of Dadia (26°* 
25' : 75° 2') ; about a mile to the N. of Neagaon (26° 5' 30" : 75° 5') ; 
and about 2 miles from Sarwar (26° 4' : 75° 4') on the northern side 
of the Nasirabad road. These deposits do not appear to have re- 
ceived further attention (H. 70). 

Sirohi. — Plates of good muscovite, measuring 5 or 6 ins. square,, 
have been obtained near Eohira (24° 37' : 73° 1' 30") by Major 
Hughes (H, .71). 

Tonk. — ^Muscovite of good quality, in plates measuring 6 to 6 ins.- 
across, has been found at several places in the Chattarbhaj hills, 
to the N. E. of Tonk (26° 10' : 75° ’51'), and sent to the Geological 
Survey Museum (H. 71). 

A certain quantity of mica has been mined annually in Rajputana 
since the year 1904. The average annual output, for the five years 
1£09 to 1913, was 1,284 cwt., as against 4,664 cwt. in the previous 
quinquennial period. The production in 1914 amounted to 1,192; 
cwt., and in 1915 to 1,042 cwt. 

MINERAL PAINTS see OCHRE. 

Mineral ivaters. 

It is a curious fact, as Holland has pointed out (859 — 50 , 111),, 
that although India is endowed with large numbers of thermal and 
medicinal springs, no attempt has hitherto been made by the Euro- 
pean population to turn these resources to account, with the single- 
exception of the mineral water from the Sita-Khund hot spring in 
Monghyr, which has some reputation in Bengal as a table water. 
The natives of the country have long recognised the value of many 
of these springs in the alleviation of certain diseases. In some 
cases, as with other unusual natural phenomena, they are held 
sacred, and become the resort of pilgrims, often coming from great 
distances. At such places temples have been erected, and rest- 
houses with baths, into which the water of the springs is led for the 
use of the pilgrims. 

The list given below does not pretend to include all the hot springs 
of India, but only those which are reputed to possess some medicinal 
value, or arc charged with mineral matter. A comprehensive list 
of the thermal springs known to exist was compiled by Dr. T. Oldham 
and edited by Mr. R. D. Oldham in 1882 (1327 — 2). This list is 
arranged in accordance with the geographical distribution of the- 
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springs, and contains 301 entries. References to it are indicated 
below by the letter 0 ., followed by figures corresponding with the 
number of the entry. A few hot springs that have been described 
since the publication of Dr. Oldham’s list are included. Notes on 
brine springs, the water of which is used in the manufacture of salt, 
will be found under the heading SALT. 

Lists of the hot and mineral springs of India have also been 
compiled by Macpherson (1149), E. von Schlagintweit (1576 — 8), 
and Buist (228 — 8). 


ASSAM. 

Cachar.— Kopili (25° 30' 30" ; 92° 41'). La Touche (1034—3, 
202). Three springs. Temp. 128-130°F. Discharge moderate. Water 
said to be strongly sahne by Godwin-Austen, but in reality pure and 
tasteless. Deposits a slight calcareous incrustation (0. 244). 

Sibsagar.— Nambob (26° 24': 93° 56'). Bigge (125-2, 132); 
Mcdlicott (1197 — 9, 414) ; Brain and Masters (1425). Three springs. 
Temp. 95°, 98°, and 110°F. respectively. Discharge 8 gals, per 
minute. Water slightly sulphurous, but clear and palatable. Gas, 
slightly sulphuretted, is copiously given off (0. 245). 


‘ BALUCHISTAN. 

Bolau Pass. — ^Kibta (29° 36' : 67° 31'). King (987 — 46, 5). Copi- 
ous flow of hot sulphurous water struck in a boring for petroleum, 
at a depth of 360 ft. 

KaehM.— Lakha (28° 1': 67° 30'). Masson (1189—1, Vol. II, 
126). Hot spring. Water strongly sulphurous. Discharge copious 
(0. 45). 

Las Bela.— Kan Bebar (25° 29' : 66° 3'). Vrodenburg (1854— 
36, 208). Several springs, intensely saline and sulphurous. Veins 
of sulphur and salt are deposited in tho surrounding rocks. 

Sibi.— Khattan (29° 34' : 68° 31'). Townsend (1794—1, 208). 
Several springs of sulphurous water. Temp. 109° F. Discharge very 
copious. Deposit considerable quantities of sulphur and calcare||^s 
tufa. 

Spintangi (29° 55' ; 68° 8'). Oldham (1324—32, 107). A small 
sulphurous spring, about a mile to E. of the railway station. 
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UcH (28*^ 45' : 68° 40'). Vicary (1845 — 3, 261). Springs in 
centre of valley, "apparently a denuded anticlinal dome, highly 
saline, A tepid spring is said to exist ( 0 . 46). 

BENGAL. 

Birbhum.— Tantipara (23° 54' 30" : 87° 26'). Skerwill (1625—15, 
14). A group of liot springs on the right bank of the Baklesar 
stream, a mile to the S. of Tantipara. Five are surrounded by 
masonry tanks. Temp. 128-162° F. Water impregnated with sul- 
phuretted hydrogen. Discharge from hottest spring about 120 cub. 
£t. per minute (0. 180). 

Chittagong. — Babu— or Bharat-Khund (22° 35' : 91° 46'). Wood 
( 1957 ) ; Corbyn ( 363 , quoting Pogson) ; Rennell {see La Touche, 
1034 — 36 , 177). Water cold*, brackish, sulphurous, and chalybeate 
(not sulphurous, Eennell). Copious discharge of gas, apparently 
inflammable ( 0 . 246). 

There are eight other springs within a circuit of 6 miles : — 

Balwa-Khund. Water diuretic and slightly aperient. 

Naxtlakha-Khxjnd. Warm and saline ; vapour inflammable. 

Kxjari-Ketjnd. Hot, saline, sulphurous, and chalybeate ; vapour 
inflarnmable. 

Dudhi-Khxjnd. Cold, saline. 

Burma — (? Brahma-) Khund. Very hot and somewhat saline ; 
slightly chalybeate ; vapour inflammable. 

Chandra-Khunu. Saline and exceedingly hot. 

Suraj-Khund. Hot, saline, vapour inflammable. 

Sita-Khund. Water pure and limpid. 

Darjeeling. — ^M echi (? 26°, 50': 88° 30'). Baird-Smith (1666—8, 
1039, quoting A. Campbell). Water clear, deposits oxide of iron ; 
said to be efficacious for rheumatism and skin diseases (0. 128). 

Minohu (? 27° 6' : 88° 18'), five miles from Darjeeling. Liston 
(1073 — 3, 627). According to Piddington (1405 — 77), the water is 
carbonated, . sulphurous, and chalybeate. Contains 6*74 grs. Fe 203 , 
0-58 grs. S, and 2*04 grs. saline matter per gallon. It is said to be 
similar to that of Bath and one of the Harrogate springs, and to be 
efficacious in cases of gout, rheumatism, etc. 

Jessore. — K uajura (23° 16' 30" : 89° 18' 30"). Piddington (1405 
— 77, 194); Watson ( 1897 ). Two springs, one of which is walled in. 
Temp. 82° F. Discharge of walled in spring, 450 gals, per ho\ir. 
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Water contains carbonate of lime and magnesia, with a small propor- 
tion of iron. Solid matter, 28-29 grs. per gallon. 

BIHAR AND ORISSA. 

Athmallik. — Deoljhari, about a mile to the N. of Wodsinga (20° 
44' : 84° 34'). Ball (71 — 43, 561). Several springs. Temp, of 

hottest 134° F. Slightly saline. Strong discharge of sulphuretted 
hydrogen. 

Cuttack.— Atari (20° 12' : 85° 33' 30)". Ball (71— 43, .531). Temp. 
138° F. Discharge oopious, with a quantity of sulphuretted hydro- 
gen. 

Hazaribagh. — Belkapi (24° 9' 30" : 85° 42' 30"), or Suraj-Khund. 
Wilson (1911—2) ; Hooker (867—1, 372 ; —6, Vol. I, 27, Vol. II. 
374) ; Thompson (1771 — i, 4). Four hot and one cold spring. 
Temp. 169°, 170°, 190°, 173° F. respectively. Discharge copious. 
Deposits chloride and sulphate of soda. The water is said to act as 
a gentle aperient (0. 173). 

Doari (24° 8' : 85° 12' 30"). Thompson (1771—1, 4) ; Row (1624, 
863). Temp. 110 — 115° F. Water sulphurous and slightly saline. 

Indba Jure a (23° 60' : 86° 30'). Tepid ; discharge small ; 
sulphurous ( 0 . 172). 

Katkamsandi (24° 6' 30": 85° 15'). Everest (667—1, 134); 
Prinsep (1436— 8, 278). Springs rise over a space of 60’ yards in 
length. Temp. 110° F. Water brackish and gives off sulphuretted 
hy^ogeu. Contains silica, alkaline chlorides and sulphates, and iron 
(0. 169). 

Kesodih (24° 11' 30" : 86° 5'). Thompson (1771-1, 4). Temp. 
182° F. Sulphurous (0. 174). 

Kowa Gandwani (23° 43' : 86° ^ 26'). Water almost tasteless, 
but with an odour of sulphuretted hydrogen. Temp. 92° F. (0. 171). 

Lubgutha (?) and Pindarkun. •(? 24° 12' : 85° 10'). Analysis 
given by Turner (1813). Water of Pindarkun spring contains 
22 grs. solid matter per gallon. Siliceous and saline. Temp. 116° F. 
Water from Lurgutha spring is similar, containing 26 grs. solid matter 
per gallon. Temp. 160° F. 

SosoNiA (?), N. of Hazaribagh. Piddington (1406 — 77, 196). 
Water contains 11-3 grs. solid' matter per gallon; Carbonated and 
slightly chalybeate, with a little chloride of soda. 

Manbbum.— S heorur or Sabsa-Khund (23° 39': 86° 36'). Sul- 
phurous. Temp, and discharge not recorded (0. 176). 
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Tatltji or Tantolya (23° 41' : 86° 48'). Betts (119). Water 
sulphurous and slightly chalybeate. Temp. 190° P. (0. 176)i 

Monghyr. — Bhimband (25° 3' 30" : 86° 27'). Martin (1181, 

Vol. II, 198); McCleUand (1117—33, 25); Sherwill (1624-2, 199); 
Schulten (1587, 148). Pour groups of springs ; discharge very copious. 
Temp. 145-150° P. Water limpifi and tasteless, leaving a thin 
siliceous deposit. Total solids (Schulten), 6-8 parts per 100,000 (0. 
188). 

Bhueka (1 25° 18' : 86° 37'). Martin (1181, Vol. II, 197). Temp. 
112° F. Discharge copious. 

Janam-Khund or Bhaeari (25° 7' : 86° 24'). Martin (1181, Vol. 
II, 199) ; Sherwill (1624 — 2, 198). Two springs. Temp. 145° F. 
Slight siliceous and calcareous deposit (0. 189). 

Laohmi-Khund (? 25° 3' : 86° 29' 30"). Schulten (1587, 148). 
Temp. 144-6° F. Not sulphurous: Leaves a slight siliceous deposit. 
Contains 7-52 parts soHd matter per 100,000. 

Panohbhur (25° 6' : 86° 21'). , Waddell (1863—1, 230). Not 
sulphurous. Temp. 84-4° F. 

Eameswae-Khund (1 25° 7': 86° 29'). Schulten (1587, 147). 
Not sulphurous. Temp. 112° P. Leaves a very slight deposit. Con- 
tains 4-68 parts solid matter per 100,000. 

Eishi-Khtjnd (25° 14' : 86° 32'). Martin (1181, Vol. II, 198) ; 
Sherwill (1624 — 2, 204). Water issues from a number of fissures at 
the edge of a pool about 140 ft. square. Discharge very copious. 
Temp. 104-114° F. Leaves no deposit (0. 187). 

SiNGHi Eikh tatal pani (25° 8' : 86° 18'). Waddell (1863 — 1, 
230). Temp. 90-5° F. Discharge copious. Not sulphurous. 

Sita-Khund (26° 22' : 86° 36'). Adam (7—1, 349); Archer (39, 
Vol. II, 117) ; Martin (1181, Vol. II, 196) ; Waddell (1863—1. 230). 
Discharge very copious. Temp. 140° F. Water clear and tasteless, 
but with a slight odour of sulphuretted hydrogen (0. 186). 

According to Hooker (867 — 6, Vol. I, 89), the water was used in 
1848 for the manufacture of soda-water. It is now exploited as a 
table water by a Calcutta firm. 

Waddell (l.e.) mentions two branches of the main spring at 
Sita-Khund, viz. : — Garmpani, temp. 137° P. ; and Bainsapahar, 
about a mile to the west, temp. 102° F. ; discharge very sluggish. 

Patman. — Jaeum (23° 60' : 84° 33' 30"). Ball (71 — 32, 19 ; 
43 , 648). In the bed of the Tataka E. Several outlets. Temp. 
132° F. Discharge not copious, but steady. Water emits sulphuretted 
hydrogen (0. 168). 
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Kokbaha or Thatha (23° 45' 30" : 84° 6' 30"). Ball (71 — 32, 
20). Discharge copious. Temp. 151° F. Water strongly impreg- 
nated with sulphuretted hydrogen ( 0 . 167). 

Patna. — ^R ajghie (25° 1' ; 85° 29'). Martin (1181, Vol. I, 
256) ; Sherwill (1625 — 4, 59 , — 6, 18). Tuere are said to he 19 
hot and 4 cold springs. Temp, varies from 100° to . 110° F. Com- 
bined discharge copious. Water clear and tasteless. Much re- 
sorted to for bathing ( 0 . 191). 

Tapoban (? 25° O': 85? 33'). Martin (1181, Vol. I, 253). On 
southern side of the Rajgriha (Rajghir) hills. Five artificial pools 
from 10 to 12 ft. deep. Temp. 100° to 116° F. Discharge not 
•copious. 

Santal Parpnas. — ^B aeamasia (24° 30' : 87° 42' 30"). Waddell (1868 — 
l, 227). Spring issues close to a trap dyke in limestone. Discharge 
about 9 gals, per minute. Temp. 93° F. Not sulphurous. Con- 
tains 364 j)arts solid matter per 100,000. Water us<^ for drinking 
a d bathing. 

Bhumka (24° 4': 87° 25'). Waddell (1863—1, 229). Situated 
in a small marsh. Temp. 82° F., reported to have been formerly 
much hotter. Discharge scanty. Not sulphurous. 

Jhaeiya- or Jheewa-pani (24° 27' : 87° 31'). Waddell (1863 — l, 
228). Spring situated at the eastern end of a marsh, on the faulted 
boundary of gneiss and coal measures. Temp. 93° F. Discharge 
■copious. Not sulphurous (0. 185). 

Lau-lau-dah or Sibptjr (24° 22' : 87° 43'). Waddell (1863—1, 
227); Hayden (793 — le). Temp. 122° F. Discharge about 26 gals, 
per minute. Profuse discharge of gas, slightly sulphuretted. Slight- 
ly saline. Water contains 32-72 parts solid matter per 100,000. 

Nunbil (24° 5' ; 87° 13'). Waddell (1863—1, 228). Several 
springs, rising in a small marsh. Temp. 119-5° F. Discharge copi- 
ous. Strong ebullition of sulphuretted gas ( 0 . 183). 

Susumeani (24° 9': 87° 21'). Waddell (1863—1, 229). Temp. 
84° F., said to have been much hotter formerly. Discharge scanty. 
Not sulphurous. 

Tapatpani (24° 12': 87° 19'). Waddell (1863—1, 229). Temp. 
102° F. Strongly sulphurous. Discharge about 2 gals, per minute. 

Tat-loi or Tapnai (24° 23' : 87° 16'). Martin (1181, Vol. 'H, 
200) ; Waddell (1863—1, 228). Water issues copiously over an area 
of about 20 by 2 J yards. Temp. 148-5° F. Slightly sulphurous 
■( 0 . 181). > . 
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BOMBAY. 

A list of analyses of waters from various mineral springs, wells, 
and rivers in the Bombay Presidency was compiled in 1859 by Giraud 
and Haines (662). The letters G. & H. below refer to the springs 
mentioned in this bst. Total solids are given in parts per 10,000 : — 

Ahmadabad. — ^Habsol (23° 22' : 73° 5'). G. & H. No. 19. Temp, 
about 80° or 90° P. Water bas a pecubar taste, and is said to be 
very efELcacious in certain diseases. Total solids, 13-84 : — ^NaCl 
=8-45 : CaS04=l-07 : Na2C03=l-52 : MgC03=0-54 : CaC03=l-98 : 
SiO2=0-28. 


Broach. — ^Kawa (22° 4' : 72° 47'). G. & H. No. 18. Cold. Total 
solids, 13-34 ;—NaCl=6-74 : Na2S04=2-04 ; Na2C03=l-94 : MgC03 
=1-58 : CaC03=0-57 : Si02=0-47. Tbe water is considered to be a 
specific preventive of bydropbobia. 

• Catch.— Mhurr (23° 33': 69° 0' 30"). Wynne (1976 — li, 266). ■ 
A strong spring of warm saline water supplies a reservoir about 330 
sq. yards in extent.. Tbe water is used at tbe alum works in tbe 
noigbbourbood (0. 26). 

Kaira. — L asundaea (22° 55' : 73° 12'). Yajnik (1979) ; G. & H. 
No. 20. Three groups of springs : — (1) seven springs. Temp. 100® 
to 122° P. (2) one spring. Temp. 101° F. (3) nine springs. Temp. 
87° to 114° P. The hottest springs are strongly sulphurous, and the 
water is saUne. It is used in diseases of the skin. Total solids, 
CO-76 NaCl=42-35 : CaCl2=14-53 : CaS04=3-88 (0. 145). 

Kathiawar.— Tulsi Sham (21° 3' : 71° 6'), in tbe Gir hills. Jacob 
(92A— 2, 36) ; G. & H. No. 23. Temp. 124° P. Water used for bath- 
ing, but bas no medicinal properties. Total solids, 11-87 : — ^NaCl= 
7-92 : Na2S04=l-13 : CaS04=0-41 : CaC03=l-33 : SiO2=l-08 (0. 24)., 

Kolaba.— P ali (18° 32' 30" : 73° 17'). G. & H. No. 4. Tbe spring ia 
a mile from tbe -vdllage. Emits gas of unpleasant odour. Temp. 
108° P. Total sobds, 26-05 :—NaCl=ll-01 : CaCl2=13-28: CaS04 
=1-43 : Si02=0-33. Supposed to be efficacious in skin diseases 
( 0 . 10 ). 

.Sapa or Savi (18° 5' : 73° 24'). G. & H. No. 7. Three springs. 
Water sulphurous when fresh. Total solids, 11-4, consisting of 
chlorides of soda and lime, with sulphate of lime (0. 9). 
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Paiicli Mahals. — Tuwa or Tui (22° 48' ; 73° 34'). G. & H. No. 21. 
Numerous hot springs, some near boiling point, rising in a marsh. 
Water emits a rank sulphurous vapour. Total solids, 47-70 : — 
NaCl==36-69: CaCl2=7-19 : CaS04=3-82 (0. 146). 

Ratiiagiri.— Abauli (17° 19': 73° 35'). Haslewood (796); G. & 
H. No. 1. Three hot and tvro cold springs. Temp. 105° F. Water 
strongly impregnated with sulphur. Discharge about 1 gallon per 
minute. Total solids, 4-9, consisting of chlorides of soda and lime, 
with sulphate of lime (0. 6). 

Mat (16° 57' : 73° 33' 30"). Duncan (611). The water is said to 
induce appetite. Temp. 167° F. (0. 2). , 

Rajapur (16° 39' : 73° 35'). Dimcan (511) ; Mann and Paranjpd 
(1166) ; G. & H. No. 5. Springs intermittent, said to flow every two 
or three years. Discharge about 6 gals, per minute. Temp, about 
90° F. Water alkaline, containing traces of common salt and sul- 
phate of lime. Much resortt^d to for bathing (0.1). 

Sangamksitwar (17° 11' : 73° 37'). Duncan (511) ; Hazlowood 
(796) ; G. & H. No. 9. Springs about 3 miles from the town, rising 
in the bed of a rivulet. Temp. 1 05° F. Water slightly sulpliurous. 
Total solids, 1-3 (0. 3). 

Tubal or Raj wa di (17° 16' : 73° 37'). Duncan (511) ; Hazlewood 
(796) ; G. & H. No. 10. Spring rises from trap ; discharge about IJ 
gal. per minute. Temp, about 110° F. Water slightly sulphiu’ous. 
Total solids, 9-6, consisting of traces of common salt and sulphate of 
lime (0. 4). 

Unari (17° 37' : 73° 23'). Duncan (511) ; G. & H. No. 3. Several 
springs. Temp. ? 157° F. Water emits a strong sulphurous odour. 
Total solids, 19-00 NaCl=12-83 : Ca0l2=4-17 : GaS 04 ==l -59 : 

SiO2=0-47 (0. 6). 

Sind.— Jain Pir (25° 0' 30" : 68° 4'). G. & H. No. 25. Hot spring. 
Temp, not recorded. Total solids, 18-34 :—NaGl~ll-5() : NaoSOi|,== 
2-02 : Na200,==2-ll : 0aC03=2-17 : Si02=0-48 (0. 28). 

Laki (26° 15' 30" : 67° 57'). Vicary (1845—5, 342) ; Baker (63, 231). 
Throe hot springs. Temp. 102° to 105° F. The water of one spring 
is highly saline. That of another is sulphurous and slightly saline, 
with calcareous matter. It has a groat reputation as a remedy in 
skin diseases (0. 36). 

Manga or Mugger Pxr (24° 59' : 67° 6'). Car less (284—3) ; 
Baker (63) ; G. & IL Nos. 26-28. Three springs. Temp. 99°, 119°, 
and 127° F. respectively. Discharge copious. Water tasteless, 
■slightly chalybeate when fresh, and sulphurous on issuing. It is 
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held in great estimation for the cure of rheumatism, leprosy, and 
skin diseases. Total solids, hottest spring, 10-50 : — CaCl=6-64:: 
MgCl2=0-65 : Na2S04=l-37 : CaS04=l-76 : SiO2=0-08 ( 0 . 27). 

Pith or Ghazipib (26° 27' : 67° 30'). Vicary (1845 — 6, 345) ; 
Baker (63, 231) ; Water very hot, highly calcareous, and charged with 
sulphuretted hydrogen. Discharge copious ( 0 . 42). 

Sehwan (26° 2-5' 30" : 67° 55'). Springs of hot sulphurous water 
occur about 3 miles to the S. of the town ( 0 . 39). 

Wagodur (24° 48' : 67° 16'). G. & H. No. 30. Temp, not re- 
corded. Total solids, 22-77 : — ^NaCl=10-44 : MgCl2=5-04 : Na2S04 
=6-58: MgCO3=0-36: CaCO3=0-93 : Si02=0-18. 

Surat. — Anaval or Devaki Unei (20° 51': 73° 24'). Sykes 
(1736 — 1, 427); G. &H. No. 17. Several springs. Discharge more 
than 2 cub. ft. per minute. Temp. 115° to 120° P. Water emits 
sulphurous gas. Total solids, 12-79 : — ^NaCl=8-46 : CaS04=l-64 : 

Na2C03=l-86 : 0aCO3=0-15 : Si02=0-68. White has given an ac- 
count of the annual fair held here at the full moon of the month 
Chaitra in the Transactions, Royal Asiatic Society, Vol. Ill, p. 372 
( 0 . 23). 

Thana. — Kokner (19° 42' 30" : 72° 54'). G. &H. No. 2. Several hot 
springs. Temp, not recorded ; as hot as can be borne by the hand. 
Total solids, 80-45 .-—NaCl=27-78 : MgCl2=0-39 : CaCl2=50-03 : 

CaS04=l-89 : Si02=0-36 ( 0 . 19). 

Satiwali (1 19° 45' : 72° 51'). G. & H. No. 8. Four hot springs. 
Water saline ( 0 . 20). 

VizRABHAi (19° 29' 30" : 73° 6'). Sykes (1736—1, 427) ; G. & H. 
No. 11. Several springs, rising in the bed of the Tansa R. Temp. 
110° to 136° F. Discharge of the most copious spring about 12 gals, 
per minute. Water emits sulphuretted hydrogen and is said to in- 
duce appetite. Total solids, 22-64 : — ^NaCl=12-41 : CaCl2= 7-07 : 
CaS04=2-08: Si02=0-88 ( 0 . 11). 


BURMA. 

Amherst.— Ataran (16° 9' : 98° 2'). Low (1097—2, 154 ; — 
236) ; Foley (595—4, 276) ; Heifer (808—6, 22). Several springs, the 
largest forming a pool about 60 ft. in diameW. Highest temp, re- 
corded 146° F. (Heifer). Discharge very copious. Water strongly 
impregnated with iron, and has an exceedingly bitter taste. A large 
quantity of carbonic acicl gas is evolved. According to Piddingtoni 
(1405 — 3), the water contains lime, iron, and magnesia (0. 274). 
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Katmoo, on Bilugyiin I., near Maulmein (16° 30' : 97° 40'). 
Eomanis (1511 — i ; — 2). The spring forms a circular pool 12 ft. 
in diameter and 4 ft. deep. Temp. 130° F. The water contains 14*07 
grammes of solid matter per litre, including 10*446 grm. of sodium 
chloride and small quantities of the chlorides of potassium, lime, 
and magnesia. 

SiENLi (?). Prinsep (1436 — 5, 17). Water contains sulphate of 
lime and traces of iron (0. 263). 

Karcnni. — Kyai Kyauno (?). O'Riley (1340 — 10, 447). Springs 
extend for about half a mile on both banks of the stream. Temp, of 
the principal sources, 99°, 125°, and 128° F. Water decidedly al- 
kaline. 

Ye-bu(?), in the valley of the Myet-nan-Kyaung, E. of Toungoo. 
O'Riley (1340 — o, 51). Water clear and limpid, leaves no deposit. 
Temp. 138° F. 

McrgiiL— Palauk (13° 16' : 98° 44'). Maclcod (1139—2). Springs 
occiu' at three places hi grou])S, the largest consisting of 30 or 40 
springs along a line of about 50 by 20 ft. Temp. 196° F. The water 
has no disagreeable taste (0. 287), 

nfyitkyiiia. — Supya KYAtTNO, near tho Jade Mines (25° 42' : 
96° 17'). Griffith (709 — 4, 88). Water clear, alkaline. 

Shan States (IV.)* — Lasjiio (22° 56' : 97° 47'). Noctling (1311—4, 
111). Hot spring about 5 miles to N. of the town. Discharge very 
copious. Temp, near boiling point. Water contains about 0*05 per 
cent, total salts, consisting of sulphate of lime and magnesia, with 
traces of alkalies. Tho water would act as an aperient and be 
highly beneficial in cases of chronic rhomnatism and gout." 

Namon (22° 29' : 97° 14'). La Touche (1034—45, 363). Group 
of hot springs. Temp. 150° to 180° F. Discharge copious. Water 
clear and tasteless, very slightly saline. Deposits calcareous tufa. 

Shan Slates (S.). — Keiisi Mansam or Ban**San (21° 56' : 97° 62'). 
Fedden (569 — i, 44). Group of hot springs. Temp of hottest, 104° F. 
Water clear, highly calcareous. 

Sutherland (1729 — l, 197) mentions tho occurrence of sulphurous 
hot springs in several of the streams between Waihang (21° 11' : 
98° 47') and Mono Ping (21° 22' : 99° 1'), on the road from Taunggyi 
to Keng Tung. 
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Tavoy. — ENa-sEiN-BYiN or Tebu-san (? 14° 43' 30" : 98° 12'). Low 
(1097 — 4, 218) Spring forms a pool about 40 ft. in diameter in tlie 
middle of a swamp. Temp. 104° F. 

Laukyen (Laukchan, 14° 9' : 98° 20'). Low (1097 — 2, 148) ; 
Prinsep (1436 — 5). Water contains 2 grs. of sulphate of lime in 1,000. 
Temp. 144°F. ( 0 . 283). 

Myittha (14° 10' : 98° 32'). Mason (1185 — i, 17). On the 
Great Tenasserim E., 4 miles below the village. Temp. 119° 
F, Water strongly charged with sulphuretted hydrogen. Chalybeate- 
( 0 . 280). 

Pai (13° 26' : 98° 33'). Mason ( 1185 — 1 , 18) ; Stevenson ( 1699 ). 
Several springs. Tergp. of hottest, 198° F. (Mason). Water has no 
unpleasant taste or smell. Contains iron, alumina, lime, potash, 
soda, silica, hydrochloric and sulphuric acids ( 0 . 286). 

CENTRAL PROVINCES. 

Chhindwara.— M honi (22° 36' : 78° 38° 30"). Spilsbury ( 1684 — 1 ; 
— 4 , 389) ; Prinsep ( 1436 — 5 , 17). Water issues from a trap dyke. 
Temp. 134° F. Discharge copious. Strongly sulphurous ( 0 . 156). 

Hosliangabad. — A nhoni Samoni (22° 38' : 78° 25'). Spilsbury 
(1684 — 1 ; — 4 , 389). Water issues at the edge of a trap dyke for a 
distance of a quarter of a mile. Temp. 114° F. Abundant discharge 
of sulphuretted hydrogen ( 0 . 155). 

Surguja.— T atapani (23° 41': 83° 43'). Ball (71—32, 21 43, 
663). Not less than a score of springs on or near a ridge of psoudo- 
morphic quartz and breccia marking a line of fracture. Temp, varies 
from 130° to 190° F. Discharge copious. Water deposits siliceous 
sinter, and emits a strong odour of sulphuretted hydrogen ( 0 . 166). 

Yeotmal. — K hair (19° 54' : 78° 58'). Malcolmson (1158 — 7, 115). 
-Several springs ; discharge very copious. Temp. 87° F. Water clear 
but has an acid taste. Deposits large quantities of calcareous tufa 
( 0 . 204). 

HYDERABAD. 

Gulbarga.— WUJUL (16° 28' 30": 76° 36' 30") and Mudnoor 
;(M ur)ANUR, 16° 36' : 76° 33') near Shorapur. Meadows Taylor (1751 — 2, 
30, 31) mentions warm springs at these localities. Both have a 
very copious discharge. Temp., Wujul, 92° F. ; Mudanur, 88° F. Water 
pure and insipid in taste. 
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' Warangal. — BjUOea or Buga (17° 56' : 80° 47'). Yoysey (1853— 
6, 397) ; Malcolmson (1158 — 8, 665). Spring forms a pool 40 ft. by 
30 ft. in extent and 5 ft. deep. Temp. 110° F. Water tasteless and 
pure ; contains a little carbonate of lime in solution. Discharge 
small (0. 206). 


KASHMIR. 

Baltistaii. — ^A skoli or Chongo (35° 41' : 75° 48'). Godwin- Austen 
(669 — 4, 42) ; Lydekker (1109 — 26, 54) ; Guillarmod (722 — 2, 132). 
Several springs. Discharge very copious. Temp. 104'5° F. Emits 
largo quantities of sulphuretted hydrogen, and deposits much carbo- 
nate of lime (0. 107). 

Bisil or Bbhitsil (35° 52' 30" : 75° 27'). Vigne (1846 — 4, Vol. 
II, 285) ; Lydekker (1109 — 26, 54). Water highly charged with sul- 
phuretted hydrogen. Temp, about 160° F. Deposits large quanti- 
ties of calcareous tufa and sulphur (0. 103). 

Chutran (35° 42' : 75° 28' 30"). Godwin- Austen (669 — 4, 46) ; Lyd- 
ekker (1109 — 26, 64). Discharge very copious. Temp. 110° F. Water 
without taste or smell. Deposits large quantities of calcareous tufa 
(0. 104). 

Duchin (Dushkin, 35° 28' : 74° 51'). Yigne (1846 — 4, Vol. II, 
301). Two springs, sulphurous and slightly chalybeate. Temp. 154° 
F. Deposits sulphur (0. 102). 

Khorkan (35° 20' : 76° 50'). Vigne (1846 — 4, Vol. II, 388). 
Water sulphurous. Temp. 185° F. Deposits gypsum and sulphur (0. 
109). 

Tosha (35° 44' : 76° 44'). Lydekker (1109 — 26, 54). Three 
springs. Water highly charged with ferrous carbonate (0. 105). 

Cliaiigcliengnio. — Golaa (34° 25' : 78° 58' 30"). Henderson and 
Hume (815, 72) ; Cayley (294 — i, 45). Several springs. Water* 
highly charged with carbonic acid gas. Temp. 120° to 150° F. De- 
posits of borax and common salt occur near the springs (0. 113). 

Kaslunir. — I slamabad (33° 44' ; 75° 13'). Adams (8 — 2, 200). 
Two springs. Tepid. Water sulphurous (0. 77). 

Pampur (34° 1' : 74° 59'). Vigne (1846 — 4, Vol. II, 34) ; Hugel 
(881 — 3, Vol. I, 260). Water issues from contorted limestone rocks. 
Temp. 70° F. Emits sulphuretted hydrogen. Said to resemble the 
water of the Spas near Weymouth (O. 76). 

Ladakh. — ^K nabung, about a mile to N. B. of Skio (34° 0' : 
77° 19' 30"). Moorcroft (1246, Vol. I, 416). Water tepid, without 
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any decided flavour. Deposits an incrustation of soda, and is 
said to be used as an emetic ( 0 . 111). 

Nubar. — Chusan' or Panamik (34° 47' : 77° 36'). Moorcroft 
<1246, Vol. I, 405) ; Thomson (1777—3, 407). Two springs. _ Temp. 
167° P. Faintly sulphurous, not perceptibly saline. Deposits cal- 
careous tufa and soda ( 0 . 110). 

Rupshu.— PuoA (33° 14' : 78° 25'). Cunningham (399—5, 144) ; 
Thomson* (1777 — 3, 164). Springs numerous, extending for about 
2 miles along the course of the river. Temp, varies from 80° to 
174° F. The hottest springs contain sodium chloride and emit sul- 
phuretted hydrogen. Those of lower temperature deposit borax. 
Sulphur and g 3 ^sum are deposited near the springs (0. 117). 

MADRAS. 

Bellary. — E amandrxjg (15° 7' 30" : 76° 32'). Mayne (1196). 

Water slightly carbonated and chalybeate, with traces of alumina 
and lime. 

Godavari. — Gondala (17° 39' : 81° O'). Voysey (1853 — 6, 396). 
Spring rises in bed of Godavari R. Temp. 140° F. Emits slight odour 
of sulphuretted hydrogen. Contains small quantities of sulphate 
of soda, common salt, and chloride of lime (0. 205). 

Hurnool. — Kalva (15° 37' : 78° 16'). Newbold (1294— nii), Three 
springs, situated a mile and a half to S. of the village. Toinj). 90° F. 
Discharge copious. Water colourless and tasteless. De]:)oHitw thick 
beds of calcareous tufa ( 0 . 211). 

Lanjabanda (15° 30' : 78° 3' 30"). Newbold (1294—30). Several 
springs, situated about a mile to E. of the village. Temp. 8r)’3° F., 
said to be decreasing. Water slightly alkaline ; deposits calcareous 
tufa and siliceous sinter ( 0 . 213). 

Mahanandi (15° 29': 78° 41'). Newbold (1294—52); Gopala- 
kristnamah Chetty (675, 11). Several springs. Temp. 89° F. Dis- 
charge copious. Water clear and tasteless, but slightly acid (0. 214), 

MYSORE. 

Bangalore.— B angalore (12° 58': 77° 38'). A. Z. (1). Water 
from a well in the Cantonment contains 7*10 grs. carl)()nate of iron 
and 2 grs. sodium chloride, with a trace of carbonate of lijue dissolved 
in carbonic acid. It is considered to possess the same properties 
as Cheltenham water. 
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PUNJAB. 

Oiirgaon. — Sohna (28° 15' : 77° 8'). Ludlow (1099) ; Jacque- 
mont (926 — 3, Vol. Ill, 337). Water strongly charged with sul- 
phuretted hydrogen. Not chalybeate. Temp. 108° F. It is said 
to resemble Moffat water, and is largely resorted to for the cure of 
skin diseases ( 0 . 136). 

Hangra. — Jawala Mukhi (31° 52' : 76° 23'). Parish (1863 — i, 
285) ; Moorcroft (1246, Vol. I, 73). Water saline, used as a cure for 
goitre. Marcadieu (1168 — 4) has determined the amount of salt 
and iodine in the water of six springs situated in the Jawala Muldii 
valley. These are, in 1,000 parts : — 




Salt. 

lodino. 

Kupera spring 

• * • « 

. 22-0 

0-0799 

Jawala „ 

. . • • 

. 26-80 

0-09324 ■ 

Jawala, 2nd spring 

. . * 

. 24-0 

0-0799 

Jawala Mukiii 

...» 

. 22-80 

0-0799 

Nacjia spring . 

. • > • 

. 22-20 

0-09324 

Kanciiia Basa 

. 

. 23-0 

0-09324 

Lausa (32° 23' : 76° 

5'). Marcadioii 

(1168—7). 

Wator siilpliur- 

ous. Tenu). 72° F. Water resembles 

that of 

Baregos, Haiito 

Pyr oneos , and contai , 

in 1 ,000 parts 

:-Na2S04= 

=0-159: NaCl= 

0*740: Na2003=-.:2*600 : 
goitre (0. 67). 

CaC03=0-040. 

It is used 

as a cure for 


Tatwani (32° 7' : 76° 46'). Spring rises in the bed of the Lum, 
a]5');ributary of the Birmi R. Temp. 120° F. Water exceedingly 
nauseous, with a metallic flavoiir ( 0 . 69). 


Tiva or JiVA (32° 8' : 76° 14/). Marcadieu (1168—0 ; — 15 ). Saline 
spring. Temp. 108° F. Estimated discharge, 250 pints in 5 minutes. 
Water limpid, with a saline ttisto and slightly alkaline. Residue 
contains 92-33 per cent, of sodium chloride, with small quantities 
of chloride, sulphate, and carljonate of lime ; also 0-012 ]>arts of 
sodium bromide in 1,000. The water is comjjarod with that of 
Bourbonne les Bains, Haute Marne ( 0 . 68). 

ft.:- 

(Kulii).— Basiiisht (32° 16'; 77° 15'). Harcourt (763—2, 339); 
Calvert (265 — 3, 49). Three springs, one of which gives a copious 
■discharge. Temp. 138° F. (120° F., Calvert). Sulphuretted liydro- 
gen emitted. Much resorted to for medicinal purposes ( 0 . 79). 

Khelat- or Sita-Khund, near Monau (32° 15' : 77° 14'). Cnn- 
niugham (399 — 3, 208) ; Harcourt (763 — 2, 339) ; Calvert (265 — 2, 38). 
Water sulphurous, and possesses a bitter taste. Temp. 104° F. 
,( 0 . 80). 
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Manikarn (32° 2': 77° 25'). Parish (1363— i, 290;— 2, 392); 
Marcadieu (1168 — 3, 197) ; Harcourt (763 — 2, 339) ; Calvert (265 — 2 , 
77) ; Bruce (219 — 2, 181). Fourteen springs. Temp, varying from 
160*5° to 202° P., or the boiling point proper to the elevation, 5,587 
feet. Discharge exceedingly copious. Sulphuretted hydrogen is 
emitted, but the water is clear and palatable, containing 3*2 parts 
of saline matter in 10,000. It deposits large quantities of ferruginous 
travertine (0, 83). 

(Spiti).— Changrizang (32° 3'; 78° 40'). Water issues from 7 or 
8 small vents within a space of about 20 yards. Strongly charged 
with sulphuretted hydrogen. Temp. 117*5° F. Deposits a saline- 
incrustation. Gerard (647 — 2, 142) says that each spring is reckoned 
a specific against some complaint ; and that directions for drinking 
and bathing are engraved in the Tartar language on slabs of stone 
placed beside the appropriate vent. The water is said to excite a 
great appetite (0. 121), 

Mianwali.— Bakh ravike (32° 40' : 71° 51'). Fleming (691 — 6,. 
266), Water strongly charged with sulphuretted hydrogen. Temp. 
94° F. Deposits sulphur on evaporation. 

Patiala. — ^Pinjaur (30° 48' : 76° 59'). Henwood (824 — i). Two 
springs. Chalybeate and sulphurous. Temperature not recorded, 
but said to be decreasing. 

Simla Hill States) _j ^2' : 77° 50'). Colebrooke (337— 4, 

(Bashalir). J '■ ' 

127) ; Lloyd and Gerard (1079, Vol. I, 198). live springs. Tempi. 
130-6° F. Water clear, witli a strong sulphurous smell (no smell, 
L. & G.) and disagreeable saline taste. Deposits ferruginous matter 
( 0 . 86 ). 

(Bhaj-ji).— Stjni (31° 14' 30": 77° 11'). Gerard (647 -2, 142); 
Prinsep (1436—5, 17). Eight or ten springs on right bank of Sutlej 
E., opposite the village. Temp. 135° F. Water strongly sulphur- 
ous, with a very disagreeable saline taste. Contains chloride and 
sulphate of soda (0. 71). 

(Bilaspiir). — Bhasea (31° 14' : 76° 47'). Wade (1862—3). Near 
the source of the Lohand Khud. Temp, not recorded. Water strongly 
saline, and has a slightly aperient quality. Said to be efficacious 
in cases of scrofula, ^opsy, and rheumatism (0. 70). 

386 



MINERAL WATERS. 


RAJPUTANA. 

Gangab (25° 3': 74° 40'). Hardie (764—7, 53). 

Spring rises through, sandstone. Temp. 80° F. Water slightly saline 
and sulphurous (0. 144). 

SIKKIM. 

Beopeetam (27° 34' : 88° 23'). Shawcross (1616, 692). On 

right bank of the Einpiram E., a short distance below its junction 
•with the Eonghep. Two springs. Temp, not recorded. Water 
strongly impregnated with sulphm’ettcd hydrogen. 

Momai (27° 66' : 88° 45'). Hooker (867—3, 51 ; —6, Vol. II. 133, 
376). Springs about a mile below the foot of the Einchinjhau glacier. 
Temp. 110° to 116° F. Water strongly sulphurous. Contains 20 grs. 
per gallon of sodium chloride, sulphate and carbonate. Strongly 
alkahne when concentrated (O. 132). 

Phug Saceu (27° 14': 88° 21'). Baird Smith (1666—8, 1039, 

quoting A. Campbell). Water has a disagreeable smell and deposits 
a whitish substance. It is used medicinally. A similar spring issues 

at PuKLAZ Saohxj, also on the Great Kangit E. (0. 129, 130). 

Yeumtong (27° 49': 88° 45'). Hooker (867— G, Vol. II, 116, 
374). Several springs. Temp. 112-6° P. Discharge a few gallons 
per minute. Water has a slightly saline taste, and omits sulphuretted 
hydrogen. Contains chloride and sulphate of soda. Used for bath- 
ing (0. 131). 

TIBET. 

Huudes. — Tietapani (31° 8' : 80° 52'). Moorcroft (1246 — i, 459). 
Two springs. Water clear and very hot. Deposits calcareous tufa 
(0. 123). 

Xsaiig and l^ — Kampa Dzong (28° 17' : 88° 34'). Hayden 
(793 — 12,137). Springs situated about 5 miles to N. N. E, of village. 
Temp. 140° to 175° E. Water strongly sulphurous. Extensive de- 
posits of calcareous and siliceous tufa surround the springs. 

Khangma (28° 33' : 89° 44'). Hayden (793—12, 137). Springs 
formerly more active. Largo masses of travertine have boon de- 
posited. Temp, not recorded. 

Yoja (27° 48' : 89° 2'). Hayden (798—12, 136). Thirteen springs. 
Temp, probably about 110° F. Water distinctly sulphurous. Greatly 
frequented for medicinal purposes, chiefly the cure of sldn diseases 
and rheumatism. Each bath is supposed to be specially adapted for 
the treatment of a specific disease. 
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UNITED PROVINCES. 

Banda.— B anda (25° 29' : 80° 23'). Prinsep (1436— iJ. 17). Water 
from well used in lac dyeing. Temp, normal. Strongly charged 
with sulphuretted hydrogen. Contains small quantities of chloride 
•of soda and magnesia, with carbonates of lime and potash. 

Benares. — B bnarbs (25° 18' : 83° 4'). Prinsep (1436 — l). Water 
from the Bridhkal 'fehund, a well in the city. Contains 74 grs. of 
solid matter in 1,000, consisting of chlorides and nitrates of soda 
and potash, with a little sulphate of soda and carbonate of lime. 
It is said to possess slightly aperient qualities when taken in largo 
doses. 

Dehra Dun. — L andode (30° 27' : 78° 10'). Murray (1274). Seve- 
ral chalybeate and sulphurous springs occur in the neighbourhood. 
Details of a number of cases in which the use of the waters has 
proved beneficial are given. These include debiUty, diseases of the 
liver and spleen, rheumatic and cutaneous complaints, etc. 

Sahaseadhaea (30° 23' : 78° 11'). Ainsworth (18, 43). Water 
^strongly impregnated with sulphuretted hydrogen. Temp. 72° F. 
Deposits a thick coating of sulphur on the sides and bottom of the 
spring ( 0 . 72). 

Ciarliwal.— G aurikhund (30° 39' : 79° 5'). Anon. (35—42) ; HolV- 
meister (855, 211). Two springs, hot and cold. Temp, of hot 
spring about 130° F. Discharge copious. Water has no taste oi' 
smell, but contains carbonates of lime and iron. Water of cold 
spring slightly sahne and strongly chalybeate. Temp. 72° F. ( 0 . 
95). 

Palia or Wazirgaeh (30° 54' : 78° 23'), Fraser (619—3, 185). 
Several springs. Water tepid, clear, impregnated with sulphuretted 
hydrogen and iron ( 0 . 90). 

Tapoban (30° 29': 79° 41'). Moorcroft (1245—1, 380). Dis- 
charge fairly copious. Temp, not recorded, but very hot. Water 
•chalybeate ; deposits a yellow incrustation. 

Teliri Oarliwal — Jamnotri (31° O': 78° 31'). Fraser (619—3, 
196 ; — 4, 428 ; — 5, 227) ; Hodgson (851 — l, 147) ; Jacqueniont (926 — 3, 
Vol. II, 89). Numerous springs. Temp. 192-6° F. Discharge very, 
copious. Watei,., transparent and tasteless (bitter and ferruginous, 
according to Jacquemont). Deposits a thin calcareous and ferruginous 
sediment ( 0 . 92). 
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MOLYBDENUM. 


BIHAR AND ORISSA. 

Small quantities of molybdenite have been found in some of the 
metamorphic rocks of Chota Nagpur, and in the lead mines of Hazari- 
bagh (B. 161). 

A sample of molybdenite from an unknown locality, obtained 
from a firm in Calcutta, was found by Prinsep (1436 — 23 , 514) to 
contain 74-4: per cent, of inolybdic acid. 


BURMA. 

Tavoy. — Molybdenite is mentioned by Bleeck (154 — 4, 68) among 
the minerals occurring in the wolframite lodes of Tavoy, but so far 
it has been found in negligible quantities only. 


MADRAS. 

Godavari. — A discovery o£ molybdenite recently made in sinking 
a well at Kunnavaram (17*^ 34': 81"^ 16') has been investigated by 
Cotter (see Hayden, Records, Q\ S. I., Vol. XLYII, 22). The mineral 
was obtained in considerable quantity from a vein of pegmatite, 
but it appears to be merely a sporadic occurrence, and there is no 
reason to suppose that a largo amount will bo found in the 
neighbourhood. 

Travaiicore. — Scales of a plumbago-like mineral, which has proved 
to b<i molybdenite, occur abundantly disseminated through a vein 
of pyj’ihotite opened up by Masillainani (298, 13) atMANGAMALAi 
HILL, about 2 mil<^s to the W. of Amjmanallur (8*^ 19' : 77° 28'), 
in the Tovala Taluk. 

Cluicko (298, 53) states that 1 per cemt. of molybdenum oxide 
was found in th<^. ash of tlie Warkalli lignite ; but in two samples of 
the ash, aualyscd at the Imperial Institute (Ibid,, ])]). 81, 82), only 
the merest traces of molybd(mum, not amounting to more than 0*007 
per cent., could be detected. 

RAJPUTANA. 

Kisfuuigarh. — Molybdenite has been detected in an <da?olito-soda- 
lite-cauerinite pegmatite described by Vrodonburg (1864 — 10), occur- 
ring at Mandaovia (20° 36' 30" : 74° 57' 30") near Kishangarh 
^662, 284). 
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MONAZITE. 

Monazite, wMch constitutes tlie raw material for the preparation 
of thorium nitrate, used in the manufacture of gas mantles, appears 
to be widely distributed in India, but as yet deposits of commercial 
value have been found only in the Madras Presidency. It has been 
detected by Middlemiss in sand concentrates from the Sabarmati R. 
in Idar State, Bombay ; by Annandale on the coast at the entrance 
to the Ghilka lake in Orissa {see Tipper, 1787—12, 195) ; and in 
a sample of sand concentrates collected by Hayden (793 — 12^ 
190) on the Tsangpo R. near Chaksam (29° 20' : 90° 44') in Central 
Tibet. 


MADRAS. 

Tiunevelly, — Monazite occurs in the older dunes, in the dry 
beds of streams draining eastwards from the hills, and in the beach 
sands where they have undergone slight concentration {see Tipperr 
1787—12, 195). 

Travancore. — In the year 1909 it was discovered by Schombnrg 
that the sands of the coast in the neighbourhood of Cape Comorin 
contain in places large quantities of monazite. These deposits have 
since been examined in detail by Tipper (1787 — 12) and Chacko 
(298, 83). Concentrations of monazite sand have been found at the 
following localities : — 

Cape Comorin— Lip arum (8° 6' : 77° 37'). 

Muttum — PuDUR (8° 9' 30" : 77° 20' 30"). 

Kovilam (8° 23' 30" : 77° 2'). 

ANijENGO— W arkalli (8° 44' : 76° 46'). 

Nindikarai (8° 58' : 76° 36' 30"). 

No workable deposits have been found to the north of the Kallada 
E., which enters the sea near Quilon, though monazite is present in 
the sands of some of the rivers of north Travancore and Cochin. 
Concentration usually takes place where the scour caused by the 
long-shore currents renders the slope of the beach comparatively 
steep. In such places the sorting action of the waves, during the- 
N. E. monsoon period, is most effective. The colour of the sands is- 
black where magnetite and ilmenite predominate, but red or yellow 
where garnets or monazite respectively are in excess. The monazite 
occurs in the form of rounded grains, varying from 0-1 to 0*2 mm. in 
diameter, of an amber colour, 

Monazite is also found in the sand dunes fringing the coast be- 
tween Cape Comorin and Anjengo ; and in a ferruginous grit of late 
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Tertiary age, exposed at the base of the Warkalli cliffs. This 
probably represents an old beach concentrate. 

Monazite in situ was first discovered by Mr. Herbert in the 
graphite mines at Vellanad (8° 34' : 77° 7'), where it occurs with 
graphite in a rock, probably a pegmatite, filling a fault crack. It 
has also been found by Masillamani (298, 7 ; 1188, 6) in pegmatites in- 
trusive in garnetiferous granulites and charnockites near Islandi- 
mangalum (8° 15' : 77° 29' 30"), and at other localities in the Tovala 
Taluk. The monazite is present as an original constituent of the 
rock, axrd sometimes occurs in considerable abundance ; but Tipper 
(178'?— 12, 194) is of opinion that the bulk of the monazite in the 
shore sands is derived from the gneiss of Travancore. 

The proportion of thoria present in Travancore monazite shows 
considerable variation. A sample analysed by Christie at the Geolo- 
gical Survey laboratory yielded 6-0 per cent. Th02 Tipper, 
1787 — 12, 194). A sample of the naturally concentrated sand from 
near Quilon, examined by Crook and Johnstone (891 — 2) at the 
Imperial Institute, contained over 46 per cent, of monazite, in which 
the thoria content amounted to 8*5 per cent. While two samples 
analysed by Johnstone (950, 57) yielded 8-65 and 10*22 per cent., 
of thoria respectively. 

During the years 1911 to 1913, the total output of monazite in 
Travancore amounted to 3,202 tons, valued at £107,475. In 1914 
the production was 1,185| tons, valued at £41,411, and in 1915, 
1,108 tons, valued at £33,283. 

Vizagapatani. — Streaks of black sand with monazite have been 
observed on the coast at Waltair (17° 44' : 83° 24') by Kemp, and 
at Rimlipatam .(17° 53' ; 83° 31') by Cross {see Tipper, 1787 — 12, 
195). 

NICKEL, 


AFGHANISTAN. 

Traces of nickel w'orc detected by Mallet in a contact rock 
described by Griosbach (708 — 4, 55) as occurring ircar Kandahar 
(31° 37' : 65° 45') along the junction of intrusive basalt with hippuritic 
(Cretaceous) limestone (B, 326). 


BURMA. 

Henzada, — ^Nickel has been found in specimens of pyrite said 
to have been obtained in the Henzada district (862, 281). 
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MADRAS. 

Travancore. — The sulphide ores occurring near Abumanallur 
( 8° 19' : 77° 28') in the Tovala Taluk, described by Masillaraani 
( 298 , 13, 30), contain small quantities of nickel. A surface sample 
showed 0‘64 per cent, of nickel ( 862 , 281). 

RAJPUTANA. 

Alwar. — B] 0 [angaeh (27° 5' 30" : 76° 21'). Specimens of iron and 
iron ore obtained by Hacket (730 — 2, 92) at this locality contained 
traces of nickel (B. 326). 

Jaipur. — ^Khetri (28° 0' : 75° 51'). A trace of nickel was detected 
by Mallet (1159 — 24, 195) in samples of cobaltite from the Kliotri 
copper mines (B. 326). 

NIOBIUM see RARE MINERALS— COLUMBITE and SAMARSKITE. 
OCHRE. 

Ochreous lithomarges or bole of various colours suitable for use 
as pigments are abimdantly distributed in the Indian peninsula and 
Burma in association with laterite, and are largely employed, under 
the generic name geru, for colouring the walls of houses, making 
caste marks, etc. Deposits of a similar character also occxu among 
rocks of various geological ages, down to the Archoean hematites. 
Barytes (q. v.) is sometimes used as a substitute for ' white lead."" 
The following occurrences of ochre have been specially noted : — 

BIHAR AND ORISSA. 

Gaya. — An indurated reddle, of orange, purple, light red, or 
yellow colours, quarried from a small hill situated to the W. of Gaya 
(24° 47' : 85° 4'), is used, according to Sherwill (1625 — 4, 59 ; — C,. 
18), for dyeing cloths. 

Mayurbhanj. — Bose (173 — 20, 170) mentions that red and yellow 
ochres are met with at places, and are used as colour washes. 

Saiital Pargauas. — Buchanan-Hamilton (222 — 19, 4) mentions the 
frequent occurrence of beds of ochre in connection with the kaolin 
deposits of the Rajmahal hills. Fragments derived from these beds 
are collected from the streams, especially near Khaei pahar, at the 
southern end of the hill range, and are used for colouring. 
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Sliahabad. — Sherwill (1625 — 5 , 283) states that extensive beds of 
ochre are exposed on the Kaimnr plateau at Mandpa (24° 44' : 
83° 40' 30") and Chuthan (24° 38' : 83° 44'), and that the material 
is carried to Patna, Benares, etc., for dyeing and use as a pigment. 

Singlibliiini. — According to Haughton (785 — i, 118), red ochre is 
said to be found abundantly on the Kolhan estate in pargana 
Saranda ; and yellow ochre at several places in Khabsawan (22° 
48': 85° 53'), 


BOMBAY. 

Bijaipiir. — A bed of fine white and red clay, occurring in sand- 
stones at the sxiiumit of a spur from the Sitadonga hills overlooking 
the Ghatprabha E., to the E. of Bhagalkot (16° 11' : 75° 46'), 
is mentioned by Newbold (1294 — 41 , 272) as being extensively used 
as whitewash, and for painting caste marks. 

Pooto (596 — 12, 266) remarks that beds of red bole are found in 
many places on the Deccan trap, and that the material has been 
exporiniontally used as paint with success. 

Ciilcli. — According to Wynne (1975 — il, 90), some of the highly 
ferruginous beds of the sub-numnuilitic series, occurring near Lakh- 
pat (23° 50' : 68° 50'), are used as pigments. The white shales from 
the same series and the Jurassic formation are used as whitewash 
(B- 418), 

Kathiawar. — Adye (11, 209) has described deposits of yellow ochre 
occurring about 2 miles to the S. W. of Hariawab (22° 9' 30" : 69° 25' 
30") in Navanagar State. The beds are from 6 ins. to 2 ft. in thick- 
ness. 


yellow ochre are found 

at various places in the Jhagadia and Valia Taluks, according to 
Bose (173 — 23, 184). The best are those occurring at Padvania 
(21° 41' : 73° 18'), which have been worked for many years. About 
120 tons are said to be taken away annually by Mahomodan traders. 
A sample of the red ochre contained : — ^Pe2O3=23*80 : Al2O3=21-30 : 
Si02=35'32 per cent., with small quantities of lime and magnesia. 


BURMA. 

Myingyan.— A deposit of yellow ochre reported as occurring at 
Panb^ (20° 50' : 95° 5') was found on examination by Hayden 
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(see Oldham, 1324 — 52 , 6) to be variable in thickness, with a m.axi- 
niiim of 30 feet. 

f . Tavoy, — Mason (1185 — ij 42) mentions an extensive bed of red ochre 
near Kalliaung (? Ka-lein-axjng, 14° 22' : 98° 12') on the Tavoy 
E. It is also said to be found on the Great Tenasserim E. (B. 418), 


CENTRAL INDIA AGENCY. 

Pauiia. — Some of the ochroous clays associated with ferruginous 
laterite are used, according to Vredenburg (1854 — 18 , 314), as pig- 
ments. During the years 1909 to 1912 inclusive the deposits of 
yellow ochre yielded an average of 345 tons annually (862, 280). 


CENTRAL PROVINCES. 

Balaghat. — ^Red ochre is mentioned in the Central Provinces 
'Gazetteer (690, 18) as being obtained in the Salitikri hills (21° 47' 
80° 52'), and used for colouring houses and dyeing the clothes of 
particular castes, Willdnson (1938) -also reports its occurrence in 
large quantities at Sxjkeindan, in the Lariki hills, a locality not 
marked on the maps (B. 417). 

Cliauda. — ^Wilkinson (1933) states that yellow ochre is found in 
abundance in the district, and brought to Nagpur, but gives no 
precise localities (B. 418). 

Drug. — Eed ochre of good quality is obtained from pits in the 

Gandai (21° 40' : 81° 10') and Thakxjrtola (21° 39' : 81° 2') zemin- 

•daries (B. 417). 

Jubbiilpore. — The semi-oohreous hematites mentioned under the 
heading IRON, occurring at Jauli (23° 23' 30" : 80° 17' 30"), have been 
quarried for many years (see Oldham, 1326 — 71, 9) by Messrs. Olpharts 
& Co. for the manufacture of paint. The material is prepared for 
market by grinding to an impalpable powder between millstones 
worked by small water-wheels, and mixing with linseed oil. An 
addition of resin, dissolved in the oil, is said to give brilliance and 

durability to the colour. The outturn varies between 200 and 400 

tons annually (B. 417). 

A brief account of the industry has been given by Holes (858 — l, 
22). Picked samples of the hematite are said to yield 69 per cent, 
of iron. 
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Nagpur.— Wilkinson (1933) states that yellow ochre, of somewhat 
inferior quality, is quarried near Kalmeshwar (2F 14' : 78° 69').. 

MADRAS. 

Arcot (N.). — A general description of the deposits of yellow ochre 
found in the Madras Presidency has been compiled by Hunter (894 — 
i^). A bod nearly 2 ft. in thickness, occurring near Tilaveram, at 
the foot of the Nagari hills (13° 23' : 79° 40'), is specially mentioned. 

Arcot (S.). — Blanford (147 — 8, 214) mentions a bed of yellow ochre 
occurring among the Cuddalore sandstones at Trivandipuram (11° 
45' : 79° 46'), which is used as a pigment. 

Bellary. — Foote (596 — 39, 193) mentions some ochreous ^ argil- 
lites ' of rich red colour, and also of yellow in many shades, which 
appear to have been worked to some extent for pigments, occurring 
beneath an iron ore bed at the Adargani mine, a mile and a half W. of 
Kxtmaraswamt temple (15° 1' : 76° 37'). Immense quantities of 
earthy red hematite, which would yield an excellent paint if reduced 
to powder, were seen along the western base of the Ramandrug sec- 
tion of the Sandur hills. 

NilgirL — Blanford (147 — 3, 237) suggests that beds of ferrugin- 
ous clay, occurring near the church at Ootaoamund (11° 24' : 76° 47'), 
might be used for colouring purposes. The beds owe their origin to 
the decomposition of highly ferruginous gneiss (B. 417). 

Trichiiiopoly. — Some of the highly coloured clays of Cretaceous 
age associated with bods of pipe clay exposed between Terany (11° 
6' : 78° 56') and Kaukay (11° 8' : 78° 56' 30") might, in Blanford's 
opinion (147 — 8, 214), bo used as pigments. ’ 

MYSORE. 

Shi moga.— Slater (1649—11, 42) says that much of the lithomarge 
which is found in various parts of the Sorab and Sagar Taluks, 
beneath and passing into laterite, might be used as colouring matter 
on account of its freedom from grit and the variety of shades it 
affords. Yellow is the prevailing colour, but pink, salmon, brick 
red, and other shades also occur. 

PUNJAB. 

Kangra.— Giiesbach (708—31, 50) mentions the occurrence, re- 
ported by Hayden, of large quantities of yellow ochre in recent 
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deposits near Datjksa encamping ground, on tlie Ratang R. (32° 13' : 
.78° 6') in Spiti, 


RAJPUTANA. 

Kishangarh. — A black slate occurring near Kishangabh (26° 34' : 
74° 66') kas been used with, success as a pigment on the Rajputana- 
Malwa railway ( 862 , 279). 

ONYX *) 

Vsee OEM-STONES. 

OPAL ) 

OBPIMENT see ARSENIC. 

PAINT, MINERAL see OCHRE. 

PEAT. 

ASSAM and BENGAL. 

True peat is not known to occur in these provinces, but masses 
of decayed vegetation of a peaty description are found in the jhils 
of Sylhet and Cachar, the Brahmaputra valley, and Lower Bengal. 
A sample from Nazira (26° 55' : 94° 48') in the Sibsagar district of 
Assam, analysed by Tween, yielded 0=13-4 : Vol.=20-6 : Ash=52-4 : 
Water=13-6 per cent. (B. 124). 

Piddington (1405 — 61) has described the formation of a species 
of peat in the jhils of Lower Bengal. The principal plant concerned 
in its production is the wild rice Oryza syhestris. It is used to some 
extent as a naaniu-e, but is not likely to afford a useful fuel (B. 123). 

A section exposed in a tank at Sealdah, in Calcutta, was de- 
scribed in 1864 by H. F. Blanford (147 — 12). At 20 ft. from the sur- 
face a bed of peat a foot thick was met with, overlying 10 ft. of clay 
with sand and tree stumps. The bed is said to be traceable over a 
wide area on both sides of the Hughh, but it is too impure to be used 
as fuel, oven if its extraction were possible. A sample from 30 ft. 
below the surface at Chitpur, analysed by Prinsep (1436 — 14, 435). 
yielded 0=16-7 : VoL, including water =62-0 : Ash=21-3 per cent. 
(B. 122). 

KASHMIR. 

A sample of peat obtained by Falconer and analysed by Percy 
{Metallurgy, p. 205) gave 0=37-16 ; H=4-08 : 0=23-48 : N=2-02 : 
Ash=33-27 per cent. The included water amounted to 10-40 per 
cent. (B. 123). 


396 




PEAT— PETROLEUM. 


MADRAS. 

Nilgiri. — An elaborate report on the feasibility of using the peat 
of the Nilgiri hills in a condensed form as fuel on Indian railways was 
drawn up in 1871 by Wragge (1989 — i). Numerous peat bogs are 
said to occur on the hills at elevations over 6,000 feet- No 
estimate of the total quantity available was made, but it is stated 
that the deposits are in places 30 ft. deep, and that one acre, 3 ft. 
in thickness, will supply 750 tons of dried peat. The peat was used 
as fuel in Ootacamimd (B. 120). 

NEPAL. 

Beds of impure peat are of frequent occurrence, according to 
Medlicott (1197 — 39 , 99). They wke specially noted at the Katwal- 
dar gorge (? 27° 34' : 86° 15') and near the surface of the uplands to 
the N, of Katmandu (27° 41' : 85° 19'). The deposits are said to be 
thick, and pure enough to be used for burning bricks (B. 124). 

UNITED PROVINCES. 

Partabgarh. — In 1865 Ouselcy (1350) forwarded specimens of peat 
from a jhil near the village of itxNBAXJLX (25° 49' 30" : 81° 37' 30") to 
the Asiatic Society of Bengal, The deposit was said to be about 
12 acres in extent, and from 1 to 5 ft. thick. On analysis by Tween 
the peat yielded 0=16-5: Vol. =34*7: Ash=35’6 : Water=13-3 
per cent. (B, 123), 

PETROLEtnsI. 

The occurrences of petroloAiin in the Indian region are restricted 
to the Tertiary forniatioua lying on either side of the peninsula, 
in the runjal) and Bahidiistan on. the west, and in Assam and Burma 
on the oast. No deposits of mineral oil havo been recorded from 
the palooozoic and nioHo^soicr rocks of the Xljmalaya, or from the 
Qondwana system in the peninsula. The general distribution of 
petroleum in India has boon described by the following writers : — 

1881. Ball (71 — 45, 124-154). A summary of the informa- 
tion available. 

1886. Medlicott (1197 — 77 ). Gives a general account of the 
nature and origin of petroleum, and discixsses its mode 
of occurrence in foreign, countries and in India. 

1887, Marvin (1182). An essay on the petroleum resources 
of the British Empire, with special reference to the oil 
fields of India. 
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1890. Boverton Redwood (1469 — i). Notes on tte oil fields 
of Burma, Assam, the Punjab, and Baluchistan, with 
remarks on the nature and composition of the oil. 

1894. Oldham (1324 — 47 ). A general account of the oil 
fields. The history of the experiment at Khattan in 
Baluchistan is specially dealt with, and a systematic 
survey of the areas likely to be oil-bearing is advocated. 

1904. Evans (565 — li). A brief summary of information re- 
garding the distribution and .production of petroleum 
in India. 

1910. Murray Stuart .(1723 — 8). A discussion, illustrated 
by experiment, of the conditions governing the deposi- 
tion of mineral oil in argillaceous sediments. 

1912. Cunningham-Craig • ( 402 ). A general introduction to 
the study of the geological conditions leading to the 
accumulation of petroleum, with special reference to its 
mode of occurrence in Burma. 

1913. Boverton Redwood (1469 — 2, 3rd Edn., Vol. I, 43-53, 
158-159). A history of the development of the petro- 
leum industry in India, with a brief account of the oil 
fields. 

The production of crude petroleum in India increased from 
89,295 metric tons in 1898 to a maximum of 1,114,680 metric tons 
in 1913, reckoning the metric ton as equivalent to 249 imperial 
gallons. By far the greater proportion of this output was derived 
from a single oil field, that of Yenangyaung in Burma. India now 
occupies the seventh place among the oil producing countries of the 
world, though the quantity produced amounts to little more than 2 
per cent, of the total. During the year 1914 there was a slight de- 
crease in output, to 1,041,537 metric tons; but there was a recovery 
in 1915 to 1,152,986 metiic tons. 

ASSAM. 

The oil belt of Assam extends from the Dehing basin in the ex- 
treme north-east of the province along the outer flanks of the hill 
ranges forming the eastern border of the Brahmaputra and Surma 
valleys, to the islands off the coast of Arakan in the Bay of Bengal, 
a total distance of about 800 miles. In Assam the petroliferous 
beds are known as the " Coal measures," and appear at the surface as a 
discontinuous series of narrow, elongated domes, cropping out from 
beneath a group of upper Tertiary sandstones with fossihsed wood. 
The inner boundary of these groups is marked by a great thrust 
fault, separating them from an older group of unfossiliferous shales 
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wHch may include strata of Cretaceous as well as Eocene age. The 
‘ Coal measure ' or oil-bearing horizon may therefore be referred to 
the Miocene or Oligooene period. 

A special memoir on the geological structure of the oil belt, 
with a descriptive account of the oil springs known to exist, has 
recently been compiled by Pascoe (1369 — 13). References to this 
work are denoted below by the letter P. 

Cacliar. — Seepages of oil are reported to occur at the following 
localities : — < 

Badabpur (2i° 62' : 92° 37'). This is probably the oil spring 
mentioned by Jones (956 — 2, 283) as issuing near a hill called Arpin, 
opposite SiLTEK (Shialtek, 24° 52' : 92° 41') on the Barak E. An 
experimental boring has been put down by the Badarpmr Tea Co., 
but the result has not been recorded (B. 137 ; P. 310). 

Labans R. (25° 3'; 92° 42') 

Masimpub (24° 52' 30": 92° 60') 

Sabasptjb hills (? 24° 45' ; 92° 35' 

Kliasi and Jaintia IIiUs.- 1 -Along the southern margin of these hills 
the Cretaceous and Tertiary rocks are bent over, forming a well 
marked isoclinal fold. The crest of the fold has been entirely re- 
moved by denudation, and no large accumulation of oil can be ex- 
pected to occur. Seepages have been observed at the following 
localities : — 

C&ELA (25° 12' : 91° 42'). Close to, and to the S. of the village 
(P. 310). 

Dhamalia valley (1 25° 14' : 91° 25').— (P- 311). 

Khasimaba (25° 12' : 91° 35'). The oil here is said to be re- 
markably free from parafi&n wax and to possess good lubricating 
power (P. 311). 

At the foot of the Jaintia hills, further to the oast, two small 
petroleum springs wore discovered in 1901 by Bose {see Griesbach, 
708 — 34, 19) on the eastern feeder of the Dona R., about 8 miles to 
the E. of Mulachtl (25° 2' : 92° 22'). The oil issues from fine grained 
Tertiary sandstones. 

liakhintpur. — The frequent occurrence of exudations of petroleum 
in connection with the coal seams of Upper Assam was noted in 
1838 by Jenkins (941 — 2) and S. F. Hannay (760 — l). In 1846 P. 
S. Hannay (759) carried out a search for asphalt along the base of 
the Naga hills, and enumerates a number of localities at which see- 
pages of oil were found. These occurrences were also noted by 
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Mallet (1169 — 9, 356) in tlie course of Ms survey of the Assam coal 
fields. More recent exploration has resulted in the discovery of a 
productive oil field at Dioboi (27° 23' : 95° 41'), now being worked 
by the Assam Oil Co. 

The oil field covers an area of about 130 acres. The visible out- 
crops indicate that it occupies the crest ' oi an asymmetric anticlina 1 
dome with its longer axis darected from E. N. E. to W. S. W., over- 
folded t6wards the N. N. W. The productive wells are situated on 
the southern limb of the anticline, where the dip of the rocks is from 
30 to 40 degrees. An oil sand crops out at the surface, but the prin- 
cipal supply is obtained from a lower sand between 1,400 and 1,700 
feet from the surface. Gas always accompanies the oil, especially 
in the E. JST. B. part of the field (P- 295). 

An account of the methods adopted in the exploitation of the 
field has been given by Capito (280). In most of the wells the pres- 
sure of gas is suflSicient to cause the oil to flow intermittently. Much 
trouble is caused by the clogging of the wells with sofid paraffin, with 
which the oil is saturated. The wax, however, forms one of the most 
valuable constituents of the oil, being of fine quality, with a melting 
point of 136° F. A refinery has been elected on the field, the prin- 
cipal products being 

Average annual production 


1909—1913. 

Kerosene oil , . . . . . . 1,855,766 gallons. 

Jute batching and lubricating oil . . . . 350,638 „ 

Petrol 94,913 „ 

Wax (and candles) . . . . . . 1,870,827 lbs. 

Sundry oils, including fuel oil .... 201,503 gallons. 


The output of crude oil has increased steadily from 28,000 gallons 
in 1892 to 4,688,647 gallons in 1914. In 1915 the output was 
4,550,150 gallons. 

Successful wells have also been drilled by the Assam Oil Co. 
at Bappa Puno, situated about a mile to E. IST. E. of the Digboi field. 
TMs field probably marks the crest of a second asymmetric dome, 
similar to but distinct from that of Digboi (P. 301). 

Oil springs are known to occur at the following additional locali- 
ties in this district : — 

Dekhia Juli (27° 17' ; 95° 29'). Oil seepages have been found in 
the hills bounding the Dekhia Juli Tea Garden. At Sial Ghar, about 
a mile and a half to the N. E., three or four outcrops of oil sand were 
aeen in a small stream ; and beyond -this, in the direction of Digboi, 
is a line of j)ungs or " salt-licks ^ (P. 294). 
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Disang . R. The occurrence of several petroleum springs near 
Borhat (27° 10' : 95° 25') was noted in 1838 by Jenkins (941 — 2), 
The most productive springs are situated in a tributary on the right 
bank of the river, draining the Hilika range. They appear to mark 
the crest line of an anticline, overfolded towards the north-west 
(P. 288). 

Hapjan (27° 12' : 96° 26'). Plentiful indications of petroleum 
were found by Simpson (1640—8, 205) in a stream about three 
■quarters of a mile to the S. of the Hapjan Tea Factory (P. 292). 

BbLiKA (27° 16' : 95° 38' ). A gas seepage is reported to occur 
on a stream which enters the Dihing R. close to the village (P. 306). 

Makum (27° 18' : 95° 41'). The existence of several seepages of 
oil, with an abundant discharge of gas, on the Makum R. was re- 
' corded in 1865 by Medlicott (1197 — 9, 415). Two years later borings 
were put down by Mr. Goodenough, a member of the firm of Messrs. 
McKillop, Stewart & Co., and a record of the results obtained was 
pxiblished by Hughes (888 — 16) in 1874. None of the borings reach- 
ed a greater depth than 143 ft., and only one (No. 6, 82 ft. in depth) 
appears to have produced any considerable quantity of oil. The 
discharge from this was intermittent, amounting at times to 2,000 
gallons a day. A further experiment made by the Assam Railways 
and Trading Co. in 1888-89, when one boring was carried to a depth 
of ^00 ft., met with little success. A flow of 800 gals, a day was 
struck at a. depth of 168. ft., but on deepening the hole to 600 ft. a 
strong flow of water stopped the oil. The locality appears to be 
.worthy of further and deeper tests (P. 302). 

Numerous oil seepages occur in connection with seams of coal 
on theNAMDAKG R., about a mile and a half E. of the Makum area. 
,Tlie dips of the strata indicate that these springs may lie on the 
eastern extremity of a large dome which includes the latter area. 
A little oil was obtained from a boring put down by the Assam Oil 
Co., at 400 feet (P. 304). 

Nabob Potg (27° 13' 30" : 96° 27'). Hannay (769, 818) mentions 
the occurrence of numerous oil seepages in this area. The structure 
of the rocks is obscure, but the springs are probably situated on the 
axis of a greatly denuded antichgial dome. Borings put down here 
by Mr, Goodenough in 1866 proved unsuccessful, gas and a little oil 
• only being met with (P. 292). 

Namohik or Namkup R. (27° 25' : 96° 2'). , A line of gas ‘ pungs,'- 
■showing traces of oil, was discovered here in 1837 by Major White 
(see Bigge, 125 — i ; Griffith, 709 — 't, 60, 117). The line is about 2 
.miles in length, and presumably coincides with the crest of an anti- 
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olinal fold, striking east and west. The area would be wprth testing 
(P. 306). 

SxjPKONG, marked as ' Sookhung ' on Wilcox's map of Upper 
Assam, adjoining the village of Phaxial (27° 20' : 95° 47'). Wilcox 
(1926 — 2, 415) describes two large gas ' pungs ' close to the bank of 
the Buxi Dihing at this place. -Green petroleum was seen floating 
bn the water near the edge of the springs (P, 309). 

^Nowgong.r— M byongdisa R. Smith (1657—2, 85) noted the occur- 
rence of several springs of soft blue mud, apparently caused by an 
escape of gas, about half a mile to the S. E. of the village of Gudu 
( 25° 65' : 93° 21'). The beds in which they occur probably belong 
to the " Coal measure ' group (P. 280, 310). 

Sibsagar.— C hingan (26° 47' : 94° 55'). Petroleum was observed 
by Mallet (1159 — 9, 368) exuding in four or five places from massive 
' Coal measure ' sandstones near the head of the Tiru R. (P. 287). 

Kanugaon (27° 3' : 95° 13'). An oil seepage was discovered by 
Mallet (1159 — 9, 358) on the bank of the .Tick R., issuing from the 
sandstones overlying the ' Coal measures ' close to the boundary 
fault. Another seepage was observed by Hayden (798 — 18 , 316) on 
the right bank of the river, about 2 miles lower down .(P. 287). 

Tel PtTNG (26° 45' : 94° 52'), on the Dikhu R. in the Nazira coal 
field. Exudations of petroleum were observed by Mallet (1169— 
358) from a bed of massive fine grained sandstone striking across the 
river. The seepages occur on or near the crest of an elongated 
anticlinal dome, overfolded towards the north-west. The structure 
is not unfavourable to the existence of workable oil beneath the 
surface (P. 285). 

Singpho milk— Miaobtjm (27° *27': 96° 21'). A feeble discharge 
of gas was observed by La Touche (1034 — 7 , 112) in a small pool close 
to the outcrop of a seam of coal on the ascent to Miaobum, at an 
elevation of about 1,300 ft. above the Dihing valley. Several fungs 
or ' salt licks " occur in the vicinity (P. 308). 

Nchongbum (27° 31' : 96° 32'J. Wilcox (1926—2, 415) mentions 
the occurrence of a ^ pung. ' on the ridge between the Dungan 
and Dapha rivers, near the village of Kumku. According to La 
Touche (1084 — 7 , 112), there is a copious discharge of gas from the 
spring, sufficiently strong to force up a jet of water about 8 ins. 
in height. The ‘ gas is inflammable, giving off an odour of burnt 
petroleiun (P. 308). = . 
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BALUCHISTAN. 

Bolau Pass. Kirta (29® 36': 67° 31'). Traces of petroleum 
were observed hj Oldbam (see King, 987—46, 5) in travertine de- 
posited by hot sulphurous springs at the foot of the hills to the W. 
of the dak bungalow. A boring sunk in 1889 was carried to a depth 
of 360 ft., when a copious spring of hot sulphurous water was struck,, 
accompanied by a little oil. 

Kachhi,— Vredenbuxg (1854—30, 208) states that petroleum 
springs have been reported as occurring among the Siwalik strata 
surrounding the Kachhi plain; and that the structure of the rocks 
in places seems favourable to the storage of oil. A seepage is re- 
ported by Hutton (900 — 8 , 564) to occur in the sulphur mines at 
Sanni (29° 9' : 67° 37'), where the oil was collected and boiled down 
with the refuse of the mines to form a dark coloured brimstone 
(B. 126). 

Las Bela. — The existence of groups of mud volcanoes, described 
by Ro])ertson (1495), Hart (777, 330), and Stiff e (1704—2), on the 
Mekrau coast in the neighbourhood of Ras Kachari (25° 24' : 65° 
48'), indicates the presence of gas under pressure in the underlying 
strata. According to Vredenburg (1854—36, 206), the beds are the 
same as those from which the mineral oil of Persia is derived, and 
they correspond in geological age with ijhe oil-bearing strata of 
Burma, and with the ‘ Sohlier ' of Europe. The rock structure is 
said to be ideally suited for the accumulation of mineral oil. The 
left bank of the Hingol R. to the N. E. of Aghor (25° 27' : 66° 28') 
is suggested as a favourable site for an experimental boring. The 
mud volcanoes are said by Stiffe to occur at intervals along the coast 
as far as GwADUR'f25° 7' : 62° 19'), about 200 miles to the W. of: 
Ras Kachari. 

A sample of gas from one of the volcanoes, examined by Christie 
(314 — 2), was found to contain members of the paraffin series with a 
higher carbon content than marsh gas, indicating the possibility of 
its association with liquid hydrocarbons below ground, 

Sibi. — Harnai valley. In the year 1889 a survey of the country 
lying to the east of the Sind-Pishin railway, in the Harnai valley, 
was undertaken by Oldham (1324—31; — 32 ), with the special object 
of discovering the most favourable sites for petroleum exploration. 
The lower Tertiary rocks in this area 'are thrown into a series of well 
marked anticlinal domes. Indications of the existence of petroleum 
under pressure were detected in fissures and in veins of calcite 
traversing the massive Eocene limestones which form the crowns of the. 
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'domes ; but borings put down at the sites selected failed to meet 
with any accumulation of oil {see King, 987 — 49 , 9). 

Keattan (29° 34' : 68° 31'). Tbe conditions under whicb petro- 
leum occurs at this place have been fully described by Townsend 
^,(1794 — 1 ; — 2 ) and Oldham (1324 — 32 , 104 ; — 47 , 147). Here the 
. exposed end of an anticlinal dome, similar to' those seen in the Harnai 
valley, is greatly shattered by faulting ; and small quantities of 
petroleum, accompanied by sulphurous water, issue from fissures in 
the rocks forming the ' cover ' of the dome. Borings were put down 
"between the years 1884 and 1890, and oil was met with at depths 
varying from 62 to 374 feet. The oil is described as a black, tarry, 

. viscid substance, which becomes semi-solid at temperatures below 
^0° F. It occurs only in crevices in the rock, and the supply was 
.never very large. In 1889 it amounted to 218,490 gallons. The 
.admixture of sulphurous water rendered the oil difficult to distil, 
but it was used with success on the North-Western railway as locomo- 
tive fuel, and in the Khojak tunnel works {see Hughes, 884 ). 

BENGAL. 

Chittagong. — The rolbks forming the hill range lying to the N. 

• of Chittagong correspond in geological age with those of the Assam 
oil belt, and are thrown into a well marked and slightly asymmetric 
anticlinal fold. ' No indications of oil are visible at the surface, but 
. seepages of inflammable gas have long been known to exist along 
the crest of the anticline between Sita-Khunp (22° 38' : 91° 45') and 
Ktjmira (22° 31' : 91° 47'). Trial borings recently put down in this 
■area have not yet succeeded in reaching oil in quantity, though in one 

• of them traces were met with at depths of about 840 and 1,800 feet, 
-and strong flows of gas at deeper horizons (P. SJ.!). 

BOMBAY. 

Sind. — ^The possibility of finding oil at Sukkur (27° 42' : 68° 55') 
■on the Indus R., where the upper Eocene (Khirthar) limestone over- 
lying the coal and oil-bearing horizon in Baluchistan is brought to tho 
surface by a gentle anticlinal fold, was suggested by Medlicott- 

• (1197 — 77 , 202) in 1886. A boring put down in 1893-95 near tho 
■crest of the anticline to a depth of about 1,600 feet proved unsuccess- 
ful, no indications of petroleum being found beyond faint traces of 
gas at 785 feet. The rocks passed through beneath the Khirthar 
^mestone consisted of gypseous shales with occasional thin bands of 
concretionary limestone. No beds of a -sandy nature, in which oil 
►might accumulate, were met with {see La Touche, 1084 — 23 ; Gries- 
«J)ach, 708 — 29 , 6). 
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BURMA. 

Two distinct oil-bearing regions are known to occur in Burma, 
•separated from each other by the mass of hill ranges known collec- 
tively as the Arakan Yoma, which forms the western margin of the 
Irrawaddy valley. One of these areas, by far the less important from 
an economic poii^t of view, comprises a number of islands in the Bay 
of Bengal lying close to the coast of Arakan, and may be considered 
as an extension, to the south of Chittagong, of the Assam oil belt. 
The other, or Burmese oil belt, is a narrow strip of territory extend- 
ing along the valleys of the Irrawaddy and its tributary the Chindwin 
for a known distance of about 400 miles. The productive oil fields 
are confined at present to isolated portions of a section of the belt 
about 90 miles in length. 

A general report on the geology and economic resources of the 
Burmese oil belt was drawn up by Noetling (1311—27) in 1897, 
when the exploitation of the oil fields, thrown open to British enter- 
prise by the annexation of Upper Burma, was still in an early stage 
of development. This work has now been supplemented and super- 
seded by an exhaustive memoir, dealing with the whole of the pro- 
vince, compiled by Pascoe (1369 — li). Eeferences to the latter 
publication are denoted below by the letter P. 

The principal source of petroleum in Burma is a sub-division of 
the Tertiary system to which the name ' Pegu group " was given by 
Theobald (1763 — 16, 268). This consists almost entirely of rapidly 
alternating, lenticular bands of clay, sandstones of varying degrees of 
hardness and porosity, and impure limestones containing a marine ' 
or estuarine fauna of Miocene age. The sandy beds afford storage 
gi’ound for the oil, which is held in place by the ' cover ^ of impervious 
clay. The thickness of the formation is uncertain, but probably 
amounts to 10,000 feet or more where it is fully developed. The 
whole series of beds has been thrown into more or less pronounced 
undulations, often taking the form of anticlinal domes, not greatly 
disturbed by faulting ; so that favourable conditions exist for the 
accumulation of oil in subterranean reservoirs or ' pools.' The 
distribution of oil is capricious. Many of the sands, though other- 
wise favourably situated, are found on being tested to be filled with 
water, or in some cases with gas. alone. Water-bearing sands are 
occasionally met with occupying an intermediate position with 
regard to the oil sands above and below ; a circumstance which indi- 
cates that no migration of oil from the more deeply seated to higher 
horizons can have taken place, and that the oil has originated in the 
beds which now contain it. 
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At certain places oil has been found exuding from Eocene (nuna^ 
mulitic) beds underlying the Pegu series ; but these occurrences are 
usually of a feeble character and, except in Arakan, of little com- 
mercial import|,nce. 

L ARAKAN area. 

.Akyab. — Bauanoa Is. These islands, three in number, are com- 
posed of sandstones and shales, probably of nummulitic age, sharply 
folded in a IT. IT. W.^ — S. S. E.. direction. About 40 wells have been 
put down near the southern extremity of the eastern island. These 
formerly produced from 100 to 120 gallons of oil a day in all, but of 
late years the yield has steadily declined. The oil is obtained from 
a depth of about 300 feet. 

Small quantities of oil have also been obtained from wells on the 
middle and western islands, where oil seepages and gas vents occur 
at several places (P. 198). 

Krinkhwaimau (20° 19' 30" : 93° 3'). Small quantities of gas 
and oil are found in several places among the hills between the mouths 
of the Kaladan and Kywegu rivers, to the IT. E. of the village. The 
oil is burnt extensively in Akyab (P. 199). 

Nataran (20° 56' : 92° Burkill has reported the occurrence 
of an oil spring on the Pi Kyaung, not far from this village (P. 199). 

The average annual output of petroleum from this district,, 
during the five years 1909 to 1913, amounted to 19,259 gallons, as 
against 40,101 gallons in the previous quinquennial period, -ibout 
13,000 gallons were produced in 1914, and 12,000 gallons in 1915, 

Kyaukpyu. — Ramri and Chebtjba Is. The earliest accounts of 
the occurrence of petroleum in these islands were given by Foley 
(595—3, 28) in 1835, and by Halstead (742, 21) and Bogle (165 — l) 
in 1841. In Cheduba the oil was collected by the primitive method 
of skimming the surface of pools of water with a slip of bamboo ; 
but in Ramri wells were sunk into the oil bearing strata to a depth 
in some cases, of 50 or 60 feet, and the oil percolating into these was. 
baled out twice a day. The yield obtained in this way was trifling, 
not more than 6 gallons or so a day from the most productive wells. 
The same methods were still being practised in 1878, when they were 
described by Mallet (1159 — U, 211), who also gives a list of all 
the oil seepages known to occur in the islands. 

The mud volcanoes or ' salses ' which also occur in these islands, 
were fully described at the same time by Mallet (1159 — 13 ), and 
shown to have no connection with true volcanic phenomena, 
but to be due to the escape of gas and the lighter hydrocarbons, which 
occasionally takes place with extreme violence. Paroxysmal eruptions* 
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of this kind have been -described by Williams (1934, l — 3 ); Russell 
(1535), Hankin (757), Howe (878), Weston (1914) and Mallet (1159— 
16 ; — 22 ; — 26 ; — 34 ; — 39 ; — 43 ; — 44 ; — 47 ; — 60 ). Several, more 
recent eruptions have also been recorded by Coggin Brown (211 — 1 ; 
_4 ; ^6 ; — 7 ). 

The rocks are almost always highly inclined or vertical, often 
exhibiting an abrupt variation in strike. They appear to form a 
single series consisting of shales and sandstones, with limestones in 
which nummulites have been detected at one or two places. A 
consideration of the facts has led Pascoe {see La Touphe, 1034 — 39 , 
98) to the conclusion that the rocks are thrown into closely com- 
pressed folds, and that the crests gf the anticlines have been suffi- 
ciently denuded to leave an uninterrupted series of steep dips. The 
sinuosity of strike is accounted for by the supposition that a predo- 
minant system of N. N. W.— S. S. E. folds has been impressed upon 
a previously existing E. — W. system. The distribution of the. gas 
vents, which presumably mark the position of anticlinal crests, indi- 
cates that five distinct folds occur on a cross section of Ramri I. 
(P. 185). 

Oil is obtained from two fields, both situated in Ramri I. 

Minbvin or YEJSTANDAUNa (19° 12' : 93° 39'). Several wells were 
drilled here by the Australian and Baronga Oil Cos. about the year 
1880 (see Robertson, 1499, 230) ; but the yield, though at first en- 
couraging, gradually diminished and the industry is now in the hands 
of the natives, who have adopted a simplified form of the Canadian 
system of drilling. The productive wells lie along two parallel 
bands about 300 yards apart, probably corresponding to the position 
below gi’ound of a single oil sand, situated on either side of a denuded 
anticlinal crest. The bulk of the oil is obtained from depths between 
250 and 300 feet. The average production of each well is probably 
l<>ss than 2 gallons a day. About 400 have been drilled, but nearly 
.300 of these have been abandoned (P- 190). 

Ledauno (19° 5' 30" : 93° 47'). The oil occurs hero on two 
parallel lines as in the Minbyin field. Fifteen or twenty wells have 
been drilled to a depth of probably not more than 100 feet (P. 192). 

The Minbyin oil is darker in colour and heavier than that of 
Ledaung, having a specific gravity of 0-880 as against 0-766. An oil 
of intermediate grade, sp. gr. 0-802, occurs at Kyaukpyauk (19° 16' : 
93° 36' 30"). The oil is very pure, contains little paraffin, and is 
used locally in its crude state (P. 191). 

The production of these oil fields, never very large, has gradually 
declined in late years. For the five years 1904 to 1908 the average 
was 59,972 gallons, and in the succeeding quinquennial period 36,027 
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gallons annually. In 1914 the output fell to 25,987 gallons, and. 
again to 23,220 gallons in 1915. 

II. BURMESE oil belt. 

Chindwiu (Lower).— Bawdibin (22° 37' : 94° 42'). An asymme- 
tric anticlinal fold, forming the Mahodaung range of hills, has been 
traced in an almost due N. and S. direction from near TCtk (22° 47' 
30" : 94° 43') on the Chindwin, to the neighbourhood of Nyaung- 
BiKEL^: (22° 19' ; 94° 41' 30"), a distance of about 45 miles (Dalton, 
409 , 617). The rocks consist of limestones and limestone conglome- 
rates, probably belonging to the Pegu series, and are highly inclined 
or vertical to the east of the crest line, which runs along the eastern 
flanks of the range. Seepages of oil, in some cases accompanied by 
gas, occur in twelve of the streams draining the eastern slopes. Two 
wells drilled by the Burma Oil Co. close to the -crest failed to meet 
with oil in paying quantities (P. 141). 

Taungdwin Kyaung (22° 41': 94° 22'). An oil well and hot 
spring are marked in this position on the quarter inch Frontier map 
of Burma (P. 146). 

Cbindwin (Upper). — Oil seepages, apparently situated on the same 
structural line as the Taungdwin spring, are reported by Noetling 'to 
occur at Indin (23° 1' 30" : 94° 7') and Yenatha (23° 12' 30" : 
94° 14'). Gas and oil were also seen issuing at Yenan village 
(23° 57' : 94° 32') from an anticlinal fold in the ‘ Prome stage ’ of the 
Pegu series (P. 146). 

Hcnzada. — Stuart (1723—9, 259) discusses the prospects of ob- 
taining petroleum in this district, and calls attention to the fact that 
the upper members of the Pegu series, which constitute the chief 
petroliferous horizon in Upper Burma, are absent. Several groups 
of mud volcanoes occur in the district, but according to Stuart, they 
are all situated on faults, not on the crests of folds. The gas issuing 
from the vents is apparently derived from underlying nummulitic 
beds. No oil is associated with it. 

Traces of oil were reported by Blanford (see Theobald, 1763 — lo, 
346) to occur at Yenandaxtng (18° 12' : 95° 11') ; but Theobald and. 
Stuart found only a copious discharge of gas at this locality (P. 177) 

Magwe.— MiGYAUNGii-KYUNbAW anticline (19° 52' : 95° 11'). Sim- 
veyed by Sethu Rama Ran (see Hayden, 793 — 20 , 78) in 1911. lie 
anticline is approximately symmetrical, with shallow dips ranging 
from 10 to 25 degrees.' The Pegu beds are continuous with those of 
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the Minbu oil field. Conditions for the accumulation of oil are 
regarded as favourable. 

Ondw^: (20° 6' 30'' : 95° 11'). An inlier of Pegu beds was dis- 
covered and mapped by Sethu RaAia Eau (see Pascoe, 1369 — 8) in 
1909. The beds form an elliptical area about i miles in length and- 
IJ mile broad, at the centre of an anticlinal dome. The prospects 
of obtaining oil here are considered favourable, though no seepages 
were found (P* 138). 

Wbtchok-Yedwet anticline (20° 26' : 95° 16'). This inlier of’ 
Pegu beds has been fully described by Pascoe (1369 — 7 ), The 
outcrop is about 14J miles in length, with a maximum width of 
miles. The dips are low, and the thickness of beds exposed not 
more than 300 feet. The structure is considered to be eminently 
suitable for the storage of oil, but no seepages were observed (P. 137). 

Yenaxgyaung (20° 27' 30" : 94° 55'). The oil field known by 
this name is situated about 2 miles to the B. of the Irrawaddy R. at 
Yenangyaung. The inlier of Pegu beds, of which it forms the centre, 
is about 6 miles in length, with a maximum width of a little over a 
mile, but the productive area does not cover more than IJ- sq. mile. 
The beds form a symmetrical, elongated dome, the longer axis of 
which lies in a N. N. W—S. S. E. direction, but indications exist of 
an earlier, transverse system of folds, which causes some irregularity 
in the pitch of the anticline at more than one place. Faults of 
small throw, .connected with this double system of folds, are 
numerous, but do not affect the productiveness of the field (P. 66). 

The " earth-oil industry here, under Burmese rule, was vested 
in the hands of 24 families, known as Twinzayos, whose operations did 
not extend to a greater depth than about 300 feet ; the supply being 
drawir from tliree, or perhaps four oil sands, lying at depths of ap- 
proximately 80, 150, and 220 feet from the surface (Noetling, 1311 — 
27 , 111). The oil sands are reached by timbered shafts, 4 or 5 ft. 
square, from which the oil is baled out in earthen jars or in wicker 
baskets covered with lac. Particulars of the method of sinking the 

wells, the conditions of tenure and of labour, with estimates of the 

number and yield of the wells, have been given at various times by the 
following writers : — 

(^.5. — The viss =:3*65 lb., and 100 viss are taken as equivalent 
to 42 gallons,) 

1795. Symes (1738 — i, 441; — 2). Estimated output 90,900 

tons. Describes the topogr%phical features of the 
locality. ’ 

1797. Hiram Cox (383). A very complete account of the 

industry. Estimated luimber of wells, 620. Total 

409 



PKCBOLEUM. 


production, 56,940,00p viss, =23,914,800 gallons. These 
figures are probably overstated. 

1826, Cra'v^^furd (386 — 3 , 53). Maximum number of wells, 
400. Average yield of each, 230 viss, =97 gallons. 
Total yield, calculated from the average number of 
boats engaged in the oil traffic, 17,568,000 viss, = 
7,378,560 gallons. Another estimate, calculated from 
the revenue derived from the wells, amounts to 
22,000,000 viss,= 9,240,000 gallons. 

1855. Yule (1987 — 4, 19). Number of producing wells, about 
130. Total annual yield estimated at 7,164,000 viss, 
=3,004,680 gallons. 

1856. Oldham (1326 — 17 , 312). Two estimates of the total 
yield are given. The first, on the assumption that 200 
wells are . productive, amounts to 10,260,000 viss, — 
4,309,200 gallons. The second, calculated from the 
number of carts eipployed in carrying tne oil to the 
river, amounts to 4,600,000 viss) =1,890,000 gallons. 

1873. Strover ( 1721 , 14). Estimated total yield, 6,000,000 
viss, =2,520,000 gallons. 

1879-1881. Noetling ( 1311 — 9, 14 ; —27, 244). From informa- 
tion supplied by one of the Burmese Ministers to the 
Chief Commissioner, it appears that there were at this 
time 264 productive wells at Yenangyaung, and that 
the monthly yield was 386,000 viss, or 4,632,000 viss, 
=1,945,440 gallons annually. 

1884. Eomanis (1511 — 8). No estimate of the total yield is 
given, but it is said that 130 cart loads of 150 viss each 
represent the accumulation of five days^ working. As 
compared with the estimate calculated on a similar 
basis by Dr. Oldham, this would mean a considerable 
reduction in the total output. , 

1889. Noetling (1311 — i). An elaborate analysis of the re- 
cords of production of each native well, preceded by 
remarks on the geology and physical characters of the 
field. The number of productive wells is stated to be 
281 ; and the maximum daily output from all the wells 
is estimated at about 20,000 viss, =8,400 gallons. 

Statistics quoted by NoetKng (1311 — 27 , 244) and Pascoe ( 1369 — 
11 , 76) show that the production from native wells gradually in- 
<creased from about 2| million gallohs in 1888 to 8| million gallons in 
1900. During the next eight years there were slight fluctuations in 
■the output ; but since the year 1908 there has been a rapid decline, 
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mainly owing to tlie sale by the Twinzayos of their well sites to drills 
ing companies. The use of a simple form of diving dress, which 
enables the well sinkers to work in the atmosphere of gas at the 
bottom of the wells, and to carry them to depths of more than 400 
feet, accounts for the increase in production in previous years. 

The operations of the Twinzayos are confined to two separate 
petroliferous tracts, covering respectively 296 and 155 acres, and lying 
to the north and south 6f the centre of the anticlinal dome, near the 
villages of Twingon and Bem6. Their rights had been recognised by 
Government on the annexation of Upper Burma in 1886, and the 
exploitation of the field by means of drilled wells, begun by the 
Burma Oil Co. in the following year, was at first restricted to the area 
known as Ehodaung, lying between these reserves. At the time 
of Noetling's survey few of the drilled wells had penetrated below 
the oil sand worked by the Twinzayos, and the deepest of -them 
yielded no oil, though it was carried to 1,011 feet. From 1896 on- 
ward, however, rich supplies of oil were obtained from other wells 
over 700 ft. in depth, and since then the development of the field has 
proceeded without interruption. The existence of productive sands 
has been proved to depths of over 2,000 feet, but these have as yet 
been only slightly drawn upon. In addition to the Burma Oil Co., 
four other companies are now engaged in drilling on the Twing6n 
and Bem6 reserves, having purchased sites from the native owners. 
Their advent has resulted in a race for the deeper oil sands, which is 
not in favour of a systematic exploitation of those lying nearer the 
surface, and has in some cases led to their permanent injury by flood- 
ing them with water. 'Steps have been taken, by the appointment 
of a Warden of the oil fields, assisted by an Advisory Board nominated 
by the Companies, to mitigate as far as possible these and other evils 
due to excessive competition {see Holland, 859 — 7i, 48). 

Accounts of the development of the petroleum industry under 
modern conditions have been given by Davidson (429) and Cholmeley (312) . 

The earliest scientific accounts of the nature and properties of 
Yenangyaung petroleum, or * Rangoon Tar' as it was called, were 
published in 1831 by Christison (315) and Gregory (705). Prom the 
crude oil a crystalline substance was obtained, to which the name 
' petroline ' was given. This was afterwards recognised by Christison 
(316, 123) as identical with ' paraffin/ previously described by Reichen- 
bach. Further investigations regarding the characters and chemical 
composition of the crude petroleum have been carried out by the 
following observers : — 

1866. de la Rue and Muller (468), In addition to 10 or 11 
per cent., of paraffin, the oil was found to contain the 
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hydrocarbons Benzene (CeHe), Toluene (C7 Hg), Xylene 
(CgHio)^ Cumene (C9 H12). 

1861. Tomlinson (1790s 299). A brief summary* of informa- 
tion regarding the nature and properties of the crude 
oil. 

1865. Warren and Storer (1890). Kesults of the fractional 
distillation of a sample of Burmese petroleum. The 
following constituents were isolated : — ^Butylene (C20 
H2 o)» Margarylene (C22H22)» Laurylene (C24H24)» Coci- 
nylene (C26H2Q), and Napthalene (C20 Hg). Indica- 
tions of the presence of Pelargone, Xylene, and Isocu- 
mene were also detected. 

1891. Holland (859—3, 251). Besults of analyses of 8 samples 
of the crude oil : — 


— 



Depth of 
well 
feet. 

Specific 
gravity at 
60® P. 

3?roportioix of 
illuminating 
oil, approx. 

Flashing point 
of illuminating 
oil. 

A. BlHODAUNa 



727 

. 0-8852 

16 per cent,. 

74® F. 

B. „ 


• 

• 727 

, , 

14 „ .. . 

76® „ 

c. 



359 

0-889 

14 „ „ 

73® ,j 

D. TwiNOdH . 



310 

0-873 

17 » 

76® „ 

E „ . 



196 ' 

0-876 

18 „ „ 

76® „ 

E. „ . 



280 

0-882 

18 „ 

74® „ 

0 . 



100 

0-897 

very small 
quantity. 


E. 19 * 

• 

• 

100 

0-902 

7 

79® „ 


All the samples contained large quantities of solid hydrocarbons. 
Four contained free sulphuretted hydrogen, and varying, though 
small, amounts of sulphur were found in all. 

1894. Engler (549). Samples from Khodaung and Twing6n 
‘gave the following results on distillation : — 


' 

Khodaung 

j TwiNa 6 N. 

Percentage 
by volume. 

Sp. Gr. 

Percentage 
by volume. 

Sp. Gr. 

Light oil . . . 

4-3 

0-755 

5-5 

0-766 

Illuminating oil 

38-8 ' 

0-849 

38-8 


Lubricating oil andpara- 

60-4 

0-896 

48-7 

0-888 

filn wax.' 
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The oiltf are said to consist chiefly -of the 0 H 22 gcou?, With 
■only small quantities of napthenes. 

The crude oil is usually of a dark green colour by reflected light, 
and reddish brown by transmitted light. It possesses a decidedly 
aromatic odour. The shallower sands produce a heavy oil, valuable 
as a lubricant, of sp. gr. 0-95 to 0-98 ; but the specific gravity decreases 
with depth to as low as 0-.80. Formerly the heavy oil was in consider- 
able demand, under the name of ‘ Rangoon oil,’ for cleaning small 
arms. It was also imported by Messrs. Price & Co. for the manu- 
facture of candles {see Barlow, 76). The paraffin wax, which exists in 
the "oil in the proportion of 12 to 14 per cent., is now extracted at 
the refineries in Rangoon, and largely made into candles on the spot. 

The average annual production of the Yenangyaung oil field, 
during the five years 1909 to 1913, amounted to 181,772,786 gallons, 
or nearly double the average of the previous quinquennial period, 
which was 93,856,622 gallons. In 1914 the output amounted to 
174,981,799 gallons, and in 1915 there was an increased production of 
198,809,315 gallons. 

Mciktila. — Lebya (21° 0' ; 95° 33' 30"). A dome-shaped inlier 
•of Pegu beds here has been examined and mapped by Cunningham 
Craig, and a shallow well was drilled by the Burma Oil Co. without 
finding oil (P. 138). 

Mlnbn.— Minbtt (20° 11' : 94° 53'). Close to the town of Minbu, 
the crest line of an acute anticlinal fold is marked by a group of mud 
volcanoes and gas pools, which appear to be situated upon a fault 
crossing the fold obliquely at this point. Descriptions of these 
phenomena were given by Oldham in 1865 (13^—17, 339) and by 
Noetling (1311 — 27 , 81), who has recorded in minute detail the 
character of each of the vents, and the changes in them that took 
place during an interval of seven years, between 1888 and 1896. 
Small quantities of petroleum are usually mixed with the mud and 
water ejected from the vents. 

The acute flexure has been traced in a S. S. E. direction from a 
point about 2 miles to the N. of Minbu,— where it disappears under 
a covering of alluvium, — ^for a distance of about 14 miles to the south 
-of the town. Beyond this, the arch flattens out and becomes merged 
in a broad expanse of Pegu beds. Towards the south the fold be- 
comes doubled, a subsidiary flexure being developed along the eastern 
side of the crest. The main flexure is asymmetric, slightly over- 
folded on the eastern side, and very narrow in proportion to its 
length, so that the area in the immediate vicinity of the crest available 
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for the storage of oil is strictly limited. The crown of the arch has^ 
been deeply denuded, and the removal of the 'cover" has not only 
permitted much of the oil to drain away from the sands, but has also • 
caused these to become flooded with water (P. 149). 

In a recent paper (154 — 5 ), Bleeck* has discussed the evidence* 
afforded by a number of test wells sunk at various points along the 
flexure. These have shown that the prospects of obtaining an abund-^ 
ant supply of oil are not promising, owing to the contracted nature 
of the oil pools, the, barrenness of many sands which appear to be 
favourably situated for the storage of oil, and the heavy asphaltic 
character of the oil itself, which causes it to mix readily with water. 
It is probable that the quantity of oil primarily existing in the strata 
comprised in this field was not large. 

The production from the Minbu oil field rose from 18,320 gallons 
in 1910 to 3,896,366 gallons in 1912. During the succeeding three 
years, the average production has amounted to 2,399,236 gallons 
annually. 

NoAHLAiNanwiN (20° 41' 30": 94° 25'). An oil seepage and. 
two Burmese wells are situated about 3 miles- to N. by W. of the 
village, on the crest of an asymmetric anticlinal fold, which at this 
point pitches steeply to S. S. E. In this case, the western limb' 
of the anticline shows a steeper dip than the eastern. About 9,000 
feet of Pegu beds are exposed on the eastern side of the crest (P. 148). 

Another oil seepage occurs about 3| miles to S. W. by W. of 
Ifgahlaingdwin, and half a mile E. of the Nwamadaung range. The 
rocks here are probably of nummulitic age (P. 149). 

Ngap^; (20° 4': 94° 30'). A large area; lying to the E. of the 
town, occupied partly by beds of the Pegu series, and partly by the 
imdeiiying Eocene formation, has been described by Cotter (372 — 6). 
No indications of an anticlinal structure were observed, but oil 
seepages were seen at three places. Two of these, near Pein- 
HNEBiN (20° 6': 94° 34'), issue below the boundary of the Eocene 
rocks with the Pegus ; and the third from Pegu strata near Kyet- 
XT-BOK (19° 69': 94° 40'). The prospects of oil being found in 
paying quantities in this area are very poor (P. 168). 

Myingyau. — Gwegyo (20° 48' : 95° 4'). An inlier of Pegu 
beds, forming the Gwegyo hills, was surveyed in 1897 by Grimes 
(712, "68), and found to consist of a long, narrow anticlinal fold, 
probably asymmetric, and dislocated by a fault or series of faults 
along a line nearly coinciding with the crest. The northern part 
of the anticline has since been described in greater detail by Pascoe 
(1369 — 3 ), and the southern by Cotter (372 — 4 ). The inlier is 
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about 23 niiles- in length, with a maximum width of 2i miles. Ex-^ 
cept at either^ extremity of the inlier, in the north near Tetma, and 
in the south in the area known as the PAYAGYiGdir-NGASHANDAUNa 
-oil field, the faults have entirely obliterated the eastern limb of the 
fold. Any attempt to explore the central part of the inlier by 
•drilling would therefore be admittedly speculative, since it is im- 
possible to determine beforehand the position of any portion of the 
subterranean arch that may have remained unaffected by the faults. 
Test wells drilled in the Tetma and Payag3?ig6n-Ngashandaung areas 
have shown disappointing results, though one well in the latter area 
yielded 10 barrels of oil in the first 24 hours (P. 124). 

Kabat or Sattein (21° 3': 95° 19'). The structure of an inlier 
of Pegu beds, lying to the E. of the village, has been described in a 
special report by Pascoe (1369—1). The beds are brought up by an 
asymmetric anticlinal fold, the eastern limb of which has the steeper 
•dip. The crest line runs in a N. N. W.— S. S. E. direction about half 
a mile to E. N. E. of Kabat. Three test wells drilled by the Burma 
Oil Co. met with gas under considerable pressure and a slight show 
of oil in one well. Indications of a second anticline are visible to 
the oast of the Kabat fold (P. 134). 

Pagan (21° 10' : 94° 56'). Grimes (712, 66) has described a 
Pegu ip-lier forming a range of hills extending from a point about 
■6 miles S. E. of Pagan for about 14 miles to S. S. E. The anticlinal 
fold which brings up these beds is probably a continuation north- 
wards of the Gwegyo anticline, and exhibits a similar structure, 
being asymmetric and faulted along the crest line. IsTo seepages of 
•oil have been observed. Two test wells drilled by the Burma Oil 
‘Co. were without result (P. 134). 

SiNGU (20° 56' 30'' : 94° 54'). This oil field is formed by a 
prolongation southwards of the Yenangyat fold {see Pakokku, behw), 
.and corresponds to a distinct rise in the cresthne of the anticline, 
which reaches a maximum near the hill Moksoma Kon, about 
miles to S. S. W. of the town. Grimes (712, 53) considered the- 

• conditions existing here to be very promising. A rich oil sand has 
been met with in the neighbourhood of the maximum elevation of 
the crest at depths between 1,400 and 1,450 feet, and at greater 

• depths in adjoining areas, A second oil sand has been proved at a 

• depth of 1,800—1,900 feet, but has hitherto been little worked, being 
treated by the Burma Oil Co. as a reserve source for their refineries 
-(P. 114). 

‘ The average annual production from this oil field, during the five 
years 1909 to 1913, was 47,888,382 gallons. During the two succeeding 
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years the output lias increased from 73,409,51-8 gallons in 1914 to- 
77,005,880 gallons in ,1915. 

Taunotha hell (21° 18' : 95° 30'). An inlier of Pegu beds, 
forming a range of hills about 6 miles in length culminating in 
Taungtha MU, has heen described by Cotter (372 — 3). The struc- 
ture consists of an elliptical dome, strongly asymmetric, with steep' 
dips on the western side, and seriously dislocated by faulting and 
contortion. There’ are no surface indications of petroleum. , The 
prospects of obtaining oil by drilling are considered to be very 
poor. 

Welauno (21° 9' : 96° 26'). This anticline lies 6J- miles to 
E. hr. E. of the Kabat fold. A deep boring was put down by the 
Burma Oil Co. without result (P. 137). 

Pakokku. — A range of hills on the west side of the Yaw R.. 
probably corresponds with an anticlinal fold extending due N. and S. 
for many miles. Oil seepages have been reported to occur near 
•the villages of MAisr (21° 23' : 94° 19' 30"), Tebyu (21° 34' 30" : 94° 
24'), and Kyin (21° 38' : 94° 19'). These areas, are too far from 
the known oil belt and too cldse to the axis of the Yoma range to- 
he of much value (P. 140). 

KYATJKSwf) (21° 9' : 94° 15' 30"). Dalton ( 409 , 615) mentions 
the occurrence of gas vents to the S. E. of the village, in beds con-- 
taining much carbonaceous matter (P. 140). 

Kyaukwet (21° 40': 94° 44') and Suwm (21° 41': 94° 41').. 
Oil seepages occur near these villages, on an anticlinal fold bearing 
the same relation to other tectonic lines as that of Yenangyat-Singu. 
There is said to be considerable disturbance of the strata, and the 
. prospects of obtaining oil are not good. Parts of the area have 
been tested by the Indo-Burma Petroleum Co. (P. 139). 

Myaino (21° 37' 30" : 94° 54'). An inlier of Pegu beds has been 
traced by Cotter from Thetkegan, 2 miles W. of Myaing, for a dis- 
tance of 9 miles to S. S. E. The structure is said to b^e similar to 
that of the Gwegyo anticline. Several gas pools and oil seepages- 
were found in the central portions of the area (P. 138). 

Shinmauatjng (21° 34' 30" : 95° 9'). According to Hallowes,. 
three Burmese wells sunk near the volcanic hills in this neighbour- 
hood are said to have yielded oil. A deep boring put down by the- 
Burma Oil Co. was not successful (P. 138). 

YENAirGYAT (21° 6' : 94° 5r). The .occurrence of oil seepages- 
near Tenangyat was noticed by Oldham (1236 — 17 , 320) in 1856 ; 
but the oil was apparently neglected hy the Burmese, for Noetling 
(1311 — 27, 170) says that the construction of pit wells was not begun 
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till some years later. The total length of this inlier of Pegu beds 
is about 39 miles, and the maximum width 3J miles. The general 
direction is from N. N. W. to S. S. E., corresponding with that of a 
narrow range, the Tangyi hills, which for the greater part of its 
length lies close to the western bank of the Irrawaddy, and is steeply 
scarped on the side facing the ^ river. 

The geology and structure of the central and southern portions 
of the inlier, comprising the Yenangyat and Singii oil fields, — the 
latter (noted above) situated in the Myingyan district on the eastern 
side of the river, — ^have been described by G-rimes (712), and that 
of the northern portion, lying to the west of Sab^i (21° 17' : 94° 
48'), by Cotter (872 — 5). The rocks form a sttongly asymmetric 
anticlinal fold, the eastern limb of which is highly inclined or 
vertical and ‘ in places inverted, while the western is inclined 
generally -at an angle of about 20 degrees. The elevation of the 
crest line undulates in a direction transverse to the anticlinal axis, 
rising to a maximum three times as the fold is traced from S. to N.; 
these crest maxima coinciding with the three productive oil fields 
of Singu, Yenangyat, and Sab6. 

The effect of the asymmetry of the fold on the position of the 
subterranean oil pools with regard to the crest line, and its bearing 
upon the correct location of well sites, has been discussed in a^pecial 
paper by Pascoe (1869 — 2), who has shown that in consequence of 
the hade westwards of the crest locus the productive oil sands 
do not lie vertically below each other, as at Yenangyaung, but that 
the deeper oit pools will be found at a progressively greater distance 
to the west of the visible crest. No oil has been obtained from the 
eastern side of the crest line, except in small quantities from shallow 
hand dug wells. | 

The oil from Yenangyat and Singu contains a higher proportion 
of the lighter hydrocarbons than that from Yenangyaung. Primary 
stills for the elimination of the more dangerous constituents have been 
erected at Singu, and are connected with the Yenangyat field by a 
pipe line (P. 101). 

The production from the Yenangyat oil field has never reached 
very large proportions, and though the initial yield from some of 
the wells has been considerable, — as much as 30,000 gallons in 24 
hours in one case, — a rapid decline usually sets in, and within a 
few months pumping has to be resorted to. Beginning with 118,409 
gallons in 1893, the production from drilled wells reached a maximum 
of 22,631,722 gallons in 1903. Since that year it has greatly fallen 
off, the average annual production for the five years 1909 to 1913 
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being 6,183,586 gallons ; while in 1916 the output amounted to 
4,099,345 gallons. . 

Since the year 1908, when the laying of a pipe line 275 miles in 
length from Yenangyaung to Rangoon was completed by the Burma 
Oil Co., all the producing fields belonging to this Company are con- 
nected directly with their refineries in Rangoon. 

Prome. — Accordmg^'te Stuart (1723 — 6), the occurrences of petro- 
leum in this district are confined to the Kama clays, or uppermost 
member of the Pegu series. Oil seepages have been reported to 
occur at the following localities, at each of which test wells have been 
drilled' by the Burma Oil Co. without result (P. 176) : — 

Kamayan (18° 45': 95° 16'). Oil and gas vents occur on the 
line of a large fault. There is no anticlinal structure. 

Pauauno ox Kayinzu (18° 44': 95° 14'). Oil issues from the 
base of the Kama clays. 

Taungbooyi (18° 46' : 96° 4' 30"). Oil was reported by Theobald 
(1763 — 16; — 16, 349) to issue from nummulitic strata exposed on 
the Mabu Kyaung, 3 miles above the village. A well sunk in the 
bed of the stream by a Chinese trader is said to have yielded 2 
gallons of oil a day, but the supply soon ceased. 

ZiAiNG or Thingan (18° 52' 30" : 95° 10'). Oil occurs on the 
:same horizon as at Kayinzu, close to a fault. 

Indications of oil have also been reported to occur at a spot 
about 23 miles to the B. of Prome, between Paukkatjng (18° 64' : 
95° 33') and the range of hills immediately to the west (P. 178). 

Shwebo.— KytjnhlI (23° 23' : 95° 22'). Wells sunk in this 
neighbourhood are said to have yielded a good quality of oil, but 
they have been abandoned on account of the unhealthiness of the 
place (P. 147). 

Thayetmyo.— Aukmanein (19° 14' : 94° 59'). Oil is reported by 
Stuart (1723 — 6) to issue fromfKama clays near this place during 
the wet months. All the beds dip eastwards, and the structure is 
very unfavourable for the accumulation of oil in quantity (P. 172). 

Bambyin (19° 25' : 95° 4' 30"). Several oil seepages were ob- 
served by Theobald (1763 — 16, 121 ; — 16, 348) in the bed of a 
stream about a mile above the village. - The oil issues from Kama 
•clays, according to Stuart (1723—6, 273), forming an asymmetric 
anticline with steep dips on the north. Small quantities of oil 
have been obtained from shallow wells, and four test wells drilled 
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by tbe Buxraa Oil Co., met TOth oil and gas, but not in papng quan- 
tities (P. 171). 

Kama (19° 1' 30" : 96° 9'). Oil has been reported to occur to 
the S. of the town, and indications of an escape of natural gas have 
been observed in the neighbourhood (P. 176). 

Linga (19° 41' : k° 59') and Monat Kon (19° 47' 30" : 96° 11' 
■30"). Seepages of oil are reported to occur at these places (P, 169). 

Mxndegvi-Kyawdo anticline (19° 45' : 95° O'). This anticline 
has been mapped by Sethu Eama Kau {see Hayden, 793 — 26, 78). 
'The fold is symmetrical, with shallow dips ranging from 10 to 26 
■degrees. Oil seepages occur in places, and the prospects of obtain- 
ing oil are regarded as decidedly promising (P. 169). 

Padatjkpin (19° 22' : 95° 8'). The rocks here exhibit the same 
■character and structure as at Bambyin. The occurrence of oil has 
been recorded by Theobald (1763 — 10, 73 ; — 16, 347) and Komanis 
(1511 — 9 ). The latter observer says that seven wells had been dug, 
■^one of which yielded about one barrel of oil monthly. The locality 
has also been described by Robertson ( 1499 , 232), who says that 
three oil sands occur within 500 feet from the surface, but that oil 
is found only in limited quantities. Test wells drilled by the Burma 
■Oil Co. met with gas and oil, but the prospects were not encourag- 
ing (P. 170). 

Pyaxo (19° 9' : 95° 14'). A group of mud volcanoes is situated 
to the S. of the village, on a N. W. — S. E. anticline. A shaft sunk 
to a depth of 95 cubits by Messrs. Jamal Bros., met with no oil 
(P. 173). 

Tagainq-Sinmadaxjno anticline (19° 49' 30" : 96° 2'). According 
to Sethu Rama Rau {see Hayden, 793 — 26, 78), this anticline is 
asymmetric on the north and symmetrical on the south, but the dips 
arc very high, and the prospects of obtaining oil are regarded as poor. 

Thabyemyaung (Thetkemyaung, 19° 47' : 94° 48'). A N. W. 
— S. E. anticline, the crest of which is marked by hot springs and 
mud volcanoes, is recorded by Dalton ( 409 , 611). The rocks are 
probably of Oligocene age (P. 169). 

Yenanman (19° 46' 30": 94° 60' 30"). Small ‘shows' of oil 
■ have been met with in test wells drilled by the Burnaa Oil Co. Mud 
volcanoes occur at Yegxjbwbt, 4 miles, to the W. of the village 
(P. 169). 

Toungoo.— SHANLfiBYiN (19° 29' : 96° 32'). Bleeck has reported 
the occurrence of an oil seepage close to the village (P. 178). The 
locality lies far to the east of the main Burmese oil belt. 
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N.-W. FRONTIER PROVINCE. 

Koliat. — Panoba (33° 37' : 71° 68'). The existence of petroleum 
in the neighbourhood of Kohat is mentioned by Buxnes (235 — 7) 
and Wood (1958 — 2, 144) but the precise localities are not stated. 
Lyman (1112 — i, 34) described the oil at Panoba as issuing from, 
fissures in an overfolded anticline of nummulitic limestone ; but 
Griesbach (708 — 21, 101) says that there is no trace of anticlinal 
structure here, but that the oil issues from joints in the rocks ad- 
joining a fault. The maximum yield was about 2 quarts daily 
(B, 130). 

According to Pascoe {see Hayden, 793—31, 23), the seepages 
occur on the pitch of a well developed anticline, the crest of which, 
has been deeply eroded. 

Shirani.— Moghal Kot (31° 27' 30": 70° 8' 30"). Vigne 

(1846 — 3, 61), writing in 1840, states that a mineral oil was brought 
to him from a locality near the Takht-i-Suleiman, W. of Draband 
which is probably to be identified with Moghal Kot. An account 
of the properties of the oil, contributed by Solly, is given in a foot 
note. It had a sp. gr. of 0*8491, was fluid at 60° F., and ignited at 
a temperature between 200° and 300° F. The presence of solid 
bituminous matter dissolved in the oil was noted, and clear liquid 
naphtha of sp. gr. 0*8168 was obtained from the crude oil by distil- 
lation. 

In the year 1889, samples of oil from Moghal Kot were sent to 
Calcutta, and were examined by Dr. Warden, who pronounced them 
to be of excellent quality. A brief report on the locality was made 
in 1891 by Oldham ( 1324 — 36 ), and in the following year further 
details were given by La Touche (1034 — 19). The oil oozes at 
several spots from a band of sandstones exposed in a narrow 
gorge, about a mile to the W. of the village. The rocks dip steadily 
eastwards, forming the greatly eroded eastern limb of a very large 
anticlinal fold, the crest of which forms the Takht-i-Suleiman 
range. Along the line y'here the petroleum springs issue, there > 
appears to be a shght twist in the strike of the rocks, which has 
probably determined the escape of the oil at this particular spot. 
No oil was observed elsewhere in the sandstones, which are well, 
exposed to the north and south of Moghal Kot. The prospects of 
obtaining oil in paying quantities are therefore not promising. 

Analyses of samples of the oil, carried out by Holland (859 — i ; 
—7) in the Geological Survey laboratory, show that the crude oil 
has a sp. gr. of about 0*820, and contains about 80 per cent, of’ 
" water white ' illuminating oil with a flashing point above 73° 
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and sp. gr. 0-810. The oil also contained about 8 per cent, of solid, 
paraffin. 

PUNJAB. 

Attock. — KjaAUE (33° 15': 72° 31'). An output of 250,000' 

gallons of oil, from ■wells drilled by the A'ttock Oil Co., is reported for 
the year 1916. The oil occurs at a horizon considerably higher than- 
that at which it has been found in Burma, and the structure is 
said to be highly favourable to the accumulation of petroleum over 
an extensive area (sec Hayden, Rec. Geol. Sufvey, India, Vol. XL VII, . 
23, 162). 

In the year 1870 a report on the occurrences of petroleum in 
the Punjab was drawn up by Lyman (1112 — i), in connection with a 
project, soon afterwards brought into operation, for lighting the 
town of Rawalpindi with igas derived from the oil. The report 
deals only with the indications of oil visible at the surface, and 
no exploratory work was undertaken. The oil usually occurs at or 
about the horizon of the upper nummulitic limestone, in strata that 
have been subjected to violent folding and dislocation, by faults. 
The presence of the latter and the effects of denudation, which has 
in most cases removed the crests of the anticlines, account for the’ 
existence of numerous seepages, but are decidedly unfavourable to 
the retention of oil in any considerable quantity below ground. The- 
area at Khaur, noted above, is the only one yet discovered in which 
these adverse, conditions seem to be absent. 

Seepages of oil are reported by Lyman and others to occur at 
the following localities. Some of them have recently been visited . 
and reported on by Pascoe {see Hayden, 793 — 31 , 22). (The page- 
pumbers refer to Lyman’s report) : — m 

Boraei (33° 34:' 30": 72° 36' 30"), p. 29.- An accumulation of 
about 6 cub. yds. of asphalt and earth saturated with bitumen was 
seen by Lyman, with an insignificant amount of oil (B. 130). 

Chharat (33° 35' : 72° 37'), p. 26. Several oil seepages occur, 
lying, according to Pascoe, on the crest of an B. — W . anticlinal fold,, 
which is sharply bent and deeply eroded. The prospects of obtain- 
ing oil in commercial quantity are very poor (B. 130). 

Chak Dalla (33° 39' : 72° 26'), p. 31. Two small accumulations 
of asphalt were noted by Lyman. Pascoe describes the rocks as con- 
sisting of hard massive nummulitic limestone, folded into a narrow 
anticline and so deeply eroded that very little .of the crest remains. 
The prospects of obtaining oil are not good (B. 130). 

Gunda or SuDKAL (33° 35' : 72° 41'), near Batehjang, p. 20.. 
Three oil seepages occur here, issuing, according to Pascoe, 
from nummulitic beds folded into narrow and deeply denuded. 
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•anticlinfifi, separate(J by equally narrow synclines. Tbe geology of 
the locality has also been described by Wynne (1976—9), and the 
prospects of obtaining oil in quantity discussed. Several wells and 
borings had been put down, and yielded on the average about 2,000 
gallons of oil annually, which was used in Eawalpindi for gas 
making. In recent years the combined output of these springs, and 
vof those at Jaba,, in Mianwali, has varied between 800 and 1,700 
gallons annually (B. 131). 

Japak (33° 33' ; 72° 36'). A boring put down here in 1869 is 
said to have met with a slight show of oil. Pascoe remarks that 
the structure is unfavourable, and that it is very doubtful whether 
oil was found, as reported (B. 130). 

Landigae (33° 30' : 72° 56'), p. 18. A mass of asphalt, about 
1,000 cub. yds. in extent, was observed by Lyman, with a small 
■quantity of oil. The rocks are nummulitic sandstones with a high 
■ dip (B. 131). 

Sadiali (Sadhewali, 32° 36' 30" : 71° 68'), p. 41. A little oil 
issues from sandstones overlying the nummulitic limestone of the 
• Salt Eange plateau (B. 128). 

Mianwali. — Basti Aload (32° 33' 30" : 71° 22'), p. 36. Deposits 
of asphalt extend at intervals for about a quarter of a mile along 
the B. bank of a ravine, amounting in all to about 560 tons. -Flem- 
ing (591 — 5 , 265) says that petroleum exudes in considerable quan- 
tities from the rocks, and was collected by passing bunches of grass 
■over the surface of the water on which it floats. According to 
Wynne (1975 — 28, 269), the rocks exposed here probably belong to 
the Ceratite (Triassic) group (B. 129). 

Jaba (32° 52' : 71° 44'), pp. 38, 41, Two groups of oil springs, 
known as Chhota and Bara Katta, are situated IJ and l| mile 
respectively to the S. of Jaba. The locality has been described by 
Fleniiing (591 — 3, 689 ; — 6, 347), Wynne (1975 — is, 264), and Daru 
(421 — 1 ). The oil exudes from crevices in a band of nummulitic 
limestone, which is bent into a flat anticlinal fold. The yield was 
about 50 gallons a month. A boring put down near the springs 
met with a powerful flow of fresh water at 117 feet, which drained 
the natural springs dry, but no oil was found (B. 128). 

Rawalpindi. — Basala (33° 30' 30" ; 72° 67'), p. 17. Oil rises 
from a band of shales exposed in the bed of the Sil R. The yield is 
■^exceedingly small (B. 131). 

Chirpar HILL (33° 30' : 73° O'), p. 16. Oil oozes in extremely small 
■<juantity from the roof of a cave on the south side of the hill (B, 131). 
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Ratta Hotar (33° 45' : 73° 10' 30"), p. 14. This locality is alluded 
to by Middlemiss (1219 — 17 , 287) as Shah-ki-Nurpub. The water of 
a spring is covered with a film of oil, which is skimmed off and sold 
as a medicine for sores. The rocks, according to Pascoe, are massive ■ 
nummulitic limestones and Upper nummulitic shales, faulted against 
the red shales, etc., of the Murree series, and severely folded. The 
prospects of obtaining oil .are said to be unpromising (B. 132). 

SYDPtTE (33° 45' : 73° 8'). A seepage of oil similar in mode of 
occurrence to that at Eatta Hotar is recorded by Middlemiss (1219 — 7i, 
287). 

Shahpnr. — Seepages of oil, in exceedingly small quantities, are 
recorded by Lyman (p. 41) at the following localities : — 

Chinnub, near Mabdowal (32° 36' 30" : 72° 13' 30"). 

Duma, near Khabaki (32° 37' : 72° 17' 30"). 

Hangush, near Dhado (? Dhuddeb, 32° 37' 30" : 72° 15'). 

In each case the oil issues from sandstones overlying the nummu- 
litio limestone of the Salt Range plateau. According to Pascoe {see 
Hayden, Records, G. S. I., Vol. XL VII, 23), the Mardowal and 
Khabaki seepages occur on an open anticline of favourable shape and 
with gentle dips, but the rocks are hard and impervious (B. 127). 

Wynne (1975 — 18, 236) mentions a seepage of a similar kind at 
SuLGi, near Amb (32° 30' 30" : 71° 69'), on the southern side of the 
Salt Range. The oil issues from Tertiary sandstones overlying a 
detached mass of nummulitic limestone. 

A general account of the topography and geology of the Punjab 
oil region was published by. Lyman (1112 — 2) after his return to 
America. 

PHOSPHATES— IRON. 


ASSAM. 

Sibsagar. — Specimens of ‘ blue earth ’ forwarded by Jenkins (938 — 3) 
from the banks of the Dikhu R. above Naziba (26° 65' : 94° 48') 
were found on examination by McClelland to owe their colouration 
tOy the presence of vivianite,— phosphate of iron. The colouring 
matter was insoluble in water and oil (B. 420). 

'' BENGAL. 

24*PaTganas. — ^Vredenburg (1854 — 13) has recorded an, occurrence 
of viviaiute, met with in digging a tank at Jamalpub (22° 38' 30" : 
88° 45'). The mineral was found encrusting and apparently partly 
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replacing logs of wood imbedded in stiff pale blue clay, at a depth of 
about 30 ft. from the surface. 

BIHAR AND ORISSA. 

€laya* — Large masses of triplite, — ^phosphate and fluoride of iron 
and manganese, — are mentioned by Holland (859 — 37 , 51) as occur- 
ring in a mica mine situated 2 miles to the S. E. of Singar (24° 34' 

: 30" : 86° 33' 30"). An output of 10 tons of the mineral during 
the year 1914 has been recorded. 

NEPAL. 

Medlicott (1197 — 39 , 100 ) mentions the occurrence in the Khat- 
mandu valley of a blue grey clay, through which specks of vivianite 
are freely disseminated. The clay was extensively used all over the 
valley as a manure (B. 420). 

;lime. 

BIHAR AND ORISSA. 

Hazaribagh. — ^Holland (859—13, 135) in describing the mica- 
peridotite dykes of the Giridih and Eaniganj coal fields calls atten- 
tion to the high proportion of apatite present in these rocks as an 
■ original constituent, amounting in some cases to over 11 per cent. 
He remarks that the products of decomposition of the rock must 
contribute sensibly to the fertility of the neighbouring soil ; but 
that the quantity is not sufficient to justify raising the mineral for 
economic purposes. 

Apatite occurs abundantly in the mica-bearing pegmatites of this 
district. Holland (859 — 37, 50) records that, as an experiment 
1001b. of the mineral were collected from the waste heaps at 'the 
Lakamandwa mine near Kodabma (24° 28' : 85° 39') by a number of 
boys in seven working hours. Much larger quantities might easily 
be obtained if the work were properly organised. The apatite con- 
tained 76 per cent, of phosphate of hme. 

Singhbhum. — Specimens of magnetite rock from Moosalbali (? Mo- 
. SALBONi, 22° 31' 30" : 86° 31') and Pathorgora (? Patholgora, 
'22° 32' 30": 86° 30' 30"), containing patches of apatite up to half 
. an inch in diameter and occasionally larger, have been described by 
Permor (577 — 20). It is suggested that the rock, if it occurs in 
. any quantity, might be of considerable value in the manufacture of 
Aasic steel. 
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BOMBAY. 

(577—32. 648) has described a series 

-of manganiferous rocks occurring at Jothvad (22° 23' : 73° 47'), 
in several of whicli apatite is so plentiful as to constitute almost a 
quarter or a third of the rock. 

MADRAS. 

• Nellore. — Apatite forms one of the pronodnent accessory minerals 'of 
the mica-bearing pegmatites, but is thrown away with the waste from 
'the mica mines ( 862 , 283). 

Vizagapatam. — Apatite is a universal constituent of the rocks of 
the kodurite series, according to Termor (577 — 32 , 261), and may 
‘Often be extracted in great abundance from the hthomarge resulting 
from the decomposition of the felspar in these rocks. It occurs in 
'Cspecial abundance at the manganese mines of Gaubham (18° 22' : 
83° 31'), Eamabhadbapuram (18° 30' : 83° 20' 30^'), and Devada 
<18° 16' : 83° 38'). 

PONDICHERRY. 

In the course of a survey of the Cretaceous formations of Pondi- 
•cherry, Warth (1892 — 21, 17) observed that at a certain horizon, 
about the middle of the series, many of the organic remains have 
been converted into nodules of rich black phosphate of lime. The 
stratum also contains numerous phosphatic concretions of a light 
brown colour. The bed is exposed on a low ridge to the E. of 
Valudaytib (11° 68' 30" : 79° 46'). Warth estimated that the bed, 
within a depth of 200 ft., contains nodules to the amount of 8 milhon 
tons ; but the distribution of the nodules is irregular, varying 
between 27 and 47 lb. per 100 cub. ft. in excavations, and 70 lb. per 
100 cub. ft. in shallow workings. The nodules contain from 66 to 
59 per cent, of phosphate of lime, with about 16 per cent, of carbo- 
nate. Attempts made to work the deposits, mainly for export to 
‘Ceylon, have hitherto not proved successful ( 862 , 283). 

PUNJAB. 

Jhelum. — ^In 1887 "^arth (1892 — 13) published an analysis of 
phosphatic nodules discovered by him in the shales overlying the 
coal seam at Dandot collieky (32° 39' 30" : 73° 1') and the neigh- 
bourhood. The nodules contain 30 per cent, of phosphorus pent- 
^oxide. The quantity was not considered sufiScient for practical utih- 
iSation. The discovery has also been noticed by Wynne (1975 — 37 ), 
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FHOSFEATES-LIME— PLATINUM. 


RAJPUTANA. 

Dungarpur. — ^Hayden (793 — 26, 86) remarks that the apatite 
schists, reported by Darn as occurring in this State, may perhaps 
he put to some use, but the quantity available is unknown, as the^ 
rocks are largely obscured by soil. 

UNITED PROVINCES. 

Debra Dun. — ^The discovery of a phosphatic deposit on the Mid- 
lands estate at MtrssooniE (30° 27' : 78° 8') was announced in 1884^ 
by ’Waith (1892 — 12) and King (987—31, 198). Nodules of phos- 
phate of lime and layers of a phosphatic rock occur' in a band of 
shale at the base of chert beds immediately overlying the Mussoorie 
limestone. The mineral was analysed by Mallet (1159 — 46 ) in the 
following year. The nodules were found to cont aj]f^ P<>0K=34-70 per 
cent., equivalent to 75*76 pet cent, tricalcic phosphate. The rock 
contained P2O6=30-16 per cent.,' equivalent to 65*84 per cent, of 
tricalcic phosphate. Exposures of the deposit were found at three 
places in a length of a mile. 

PITCHBLENDE see under BABE MINEBALS. 

PLATINUM. 


ASSAM. 

Lakhimpur. — Platinum was found by Dalton and Hannay ( 408 , 
91) accoihpanying gold in the sands of the Noa Diking R. (27° 33'' : 
96° O'). A sample of the concentrates collected by them was 
examined in 1882 by Mallet (1159 — 30 ), who describes the platinum 
as occurring in minute flattened grains, -with a , not inconsiderable 
proportion of scales of a lead grey mineral, which he identified as 
itidosminc. The largest scale of platinum weighed 0*095 gr., and 
that of iridosmine 0*06 gr. Both minerals occurred in very small 
proportions as compared -with the gold. The platinum in this river,, 
as well as that found in the rivers of Upper Burma, is probably 
derived from the crystalline rocks of the Patkoi range (B. 168). 

BIHAR AND ORISSA. 

Maubhum. — ^Mallet (1159—30, 55) detected minute grains of 
platinum in a sample of stream gold from the G'Ceam R. near Dbiadea 
( 22° 48' : 86° 34'). The largest scale weighed 0*005 gr. Similar 
scales were found in gold concentrates from other rivers in the same- 
region, and it seems probable that platinum is widely diffused in. 
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PlATmUM— PORPHYRY. 


the southern part of Chota Nagpur. Grains of larger size, i£ they 
occur, are probably rejected by the native gold washers. • 


BURMA. 

eWndwin (Lower) — In 1831 Prinsep (1438—6) published the 
analysis of an alloy obtained by melting together metallic grains 
found with gold dust in the Chindwin R. The alloy contained 25 
per cent, of platinum, and 40 per cent, of' iridosminc, the r«mainder 
consisting of gold, iron, arsenic and lead. In further communications 
on this subject (1436 — lo, 16 ; — 13 ), Prinsep states that the platinum 
is said to come from streams flowing westwards into the Chindwin 
R. near Kani (22° 27': 94° 63'), and that the ore contains 20 
per cent, of platinum, with about twice that quantity of iridosmine 
(B. 168). 


Chindwin (Upper). — ^Hannay (760 — 6, 12) states that platinum 
occurs in appreciable quantities in the auriferous sands of the Hukawng 
valley., It was^detected by Bion (127, 246) at almost every locality 
where gold was found, but in very small amounts. 


Eatha 
(Wuntho)i‘" 


1 


-A specimen of gold ore from the Meza R. (24° 

8' .: 96° 4') was found by Romanis (1511 — lo ;] — 12) to contain 
2-63 per cent, of platinum and 7-04 per cent, of iridosmine. 


Myitkyina. — Small quantities of platinum are obtained yearly by 
the Burma Gold Dredging Co. from the gravels of the Irrawaddy 
above Myitkyina. [During the years 1911 to 1916, the returns fur- 
nished by the Company include a total of 206-39 oz. of the metal. 


Tavoy. — ^Minute quantities of platinum were detected by Oldham 
(1326 — 1, 38) in stream tin concentrates brought from the neigh- 
bourhood of the Henzai basin (Heinz^, 14° 45' : 98° O') by O’Riley 
(B. 168). 


MYSORE. IV 

Eolar. — ^Eice (1477, Vol. I, 18) mentions the occurrence of plati- 
num in small quantities in the gold washings of the Rolar district.* 


PORPHYRY see under BUILDINO MATERIALS. 
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[POTASH SALTS- PYRRHOTITE. 


TOTASH SALTS. 


PUNJAB. 

Jbelum. — ^While engaged in. making a collection o£ the mineral 
products of the Salt Eange for the Vienna Exhibition of 1873, 
Dr. Warth (1892 — 8 , 408) noticed the comparative hardness of a 
hand of Jcallar, or impure salt, met with in the Mayo salt mines 
at Khewba (32® 39' 30" : 73° 4'), and he found, on making a 
preliminary analysis, that the material consisted of a mixture of 
potash •salts with kieserite (MgSO^, H 2 O) and common salt {see 
also Wynne, 1976 — 12 , 60). Specimens examined by Tscheimak 
(1808 — 7) were found to he composed of sylvite (KCl^ and kieserite. 
A colourless mineral associated with these, afterwards _ examined by 
Mallet (1159 — 58), proved to he langheinlte (K 2 SO 4 , 2 MgS 04 ). The 
■quantity of material obtained did not amount to more than half a 
ton, since the deposit was found to die out rapidly in a lateral direc- 
tion. On analysis by Tween (quoted by Wynne, 1975 — 18 ,. 80, 
and Mallet, 1159 — 50, 33), the mixture yielded : — KC1== 61*43 : 
iraCl=29-32 : MgS 04 = 7*78 : H 2 O:^ 2*10 per cent. 

A search for further deposits was made by Christie (311—4) in 
19J^3, when potash salts wj^re found at 21 places in the Mayo mines. 
These occurrences indicate the existence of three seams, each of 
which appears to thin out when followed along the rise of the strata. 
The amount of potash contained in the visible portion of the upper- 
most seam, with an average thickness of about 6 ft., was provision- 
ally estimated at 3,000 tons. The other seams probably contain 
only a few hundred tons. The percentage of potash contained in 
average samples ranged from 7*7 to 14-4. Suggestions for the 
treatment of the mineral with the object of extracting the potash 
•salts are included in the report. 

A bed of similar material was also found in a salt mine in the 
Nilawan ravine near Utjbpur (32° 40' : 72° 39'), several miles to the 
west of Khewxa. The bed when hored through was found to he 
about 6 ft. thick, but its lateral extent was not ascertained. Samples 
from the boring contained 13*6 per cent, of -potash. 

POTSTONE see STEATITE* 

POTTERY CLAY see KAOLIN. 

PYRITES ALUM, COPPER, and SULPHUR. 

PYRRHOriTE see SULPHUR. 
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QUARTZ— BARE MINERALS-COIiUMBlTE. 


QUARTZ see GEM-STONES— ROCK CRYSTAL and ROSE QUARTZ. 

QUARTZITE see under BUILDING MATERIALS. 

BADIOACTIVE mine rals see RARE MINERALS— PITCHBLENDE 
and SAMARSKITE. 

BARE MINERALS- CERIUM. 


MADRAS. 

Huruool. — fawn-coloured mineral obtained by Newbold (1294 — 49, 
390) in the old lead mines at Baswatur (Basavaptjram, 15° 24' 30" : 
78° 41' SO"), was described by Piddington (1405 — 22) as a triple 
carbonate of iron, lime, and cerium, mixed with galena. Mallet 
(1159 — 50, 153) has shown that the mineral is smithsonite, contain- 
ing zinc and not cerium (B. 436). 

Salem. — Among the nrinerals collected by Leschenault dc la 
Tour in S. India, a brown or black substance analysed by Lauder 
(1038 — 1, 194) was found to contain 36-5 per cent, of oxide of cerium, 
and was identified by Bainour (413 — 2) with tsclicffliinitc. The 
position of the locality where the specimens wore obtained has been 
discussed by Mallet (1169—53), who thinks that it was situated on 
■or near Kanjamalai hill (11° 37' : 78° 7'). 

See also SAMARSKITE hehw. 

QOLUMBITE and TANTALITE. 

(Jolumbite and tantalite, — the niobate and tantalate of iron aird 
manganese, — are occasionally met with in the mica-bearing pegmatites 
of Bihar and Orissa and of S. India. Instances of their occurrence- 
hiavo been recorded (see Perraor, 577—32, 203) at the following 
places : — 

BIHAR AND ORISSA, li 

Oaya.— SiHGAB (24° 34' 30" : 85° 33' 30"). These minerals are 
said to occur in a mica mine at this locality ( 862 , 284). 

IlaKaribagh.— K odarma (24° 28' : 85° 39'). Specimens of colum- 
‘bitc from the Government Forest near Kodarma were sent' to 'the 
Geological Survey Office by Mr. Gow Smith in 1897 (Oldham, 
.1324 — C4, 129). The specific gravity of the specimens was 6‘19. 
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RARE MINERALS— COLTJMBITE & TANTALITE., 


Monghyr.— Pananoa hill, i miles S. of Jha-jha (24° 47' 30" : 
86° 26'). An occurrence of eolumbite and tantalitc, discovered by 
Mr. H. H, French, was examined by Holland in 1894 (see Griesbacb, 
708 — 27, 10). The mineral was found in lumps imbedded in the 
quartz of a very coarse pegmatite dyke, intrusive in mica schist 
crowded with tourmaline crystals. Specimens subsequently received 
in the Geological Survey Office have specific gravities of 6*76 and 
6*92, and contain 37 and 52 per cent, of tantalic acid (Ta205) res- 
pectively (862, 284). 

BURMA. 

Xavoy. — Bleeck (154 — 4, 68), in describing the wolframite lodes 
of this district, observes that eolumbite, in black orthorhombic 
crystals, was found in all the lodes. 

MADRAS. 

Madura. — ^Balfour (69 — 4, iv) mentions ferro-tautalite among the 
specimens of rocks and minerals collected by the Revd. C. F. Muzzy 
in the Madura district. The locality is given by Nelson (1286, 16) 
as near Palani (? Palni, 10° 27' : 77° 34'). 

Nellorc. — CHAaANUM (14° 13' : 79° 44' 30"). Specimens of a 
black mineral from mica pegmatites, collected at this locality by 
Walker, were found on examination at the Geological Survey labora- 
tory (see Griesbach, 708 — 31, 9) to be eolumbite, with a specific 
gravity of 5*748. 

Tricliinopoly. — Semmalai hills, near Vaiyampatti (10° 33' : 78° 
23'). A mineral discovered by Mr. C. Middleton when excavating 
for mica in these hills proved to be tantalite containing 66 per cent, 
of tantalic acid (Ta205). A specimen received in the Geological 
Survey Office was found to be nearer eolumbite than tantalite 
(862, 285). 

MYSORE. 

Bangalore. — ^Masti (12° 52' : 78° 30"). Columbite has been found 
by Jayaram (937 — 2, 182) in a vein of pegmatite traversing horn- 
blendic granitoid gneiss, about 3J furlongs to the N. of the town, 
and 100 yards from the tank bund. The mineral occurs in consider- 
able quantity. An output of 112 lb. was reported in 1913 (862, 
284). 
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RARE MEfERALS-GADOMNlTE— TITANIXJM. 


GADOUNITE. 

BOMBAY. 

Palanpur. — A discovery by Baidyanath Saba of gadolinite, — 
silicate of beryllium, yttrium, and iron, — at Hosainpxjea (24° 15' : 
72° 36'), has been recorded by Holland (859 — 43 ). The mineral is 
associated with cassiterite in tourmaline pegmatite. 

PITCHBLBSBE. 

BIHAR AND ORISSA. 

<ilaya. — ^The occurrence of pitchblende, associated with uranium 
oclirc and triplite, in a mica mine near Sinoab (24° 34' 30" : 85° 33' 
30") was recorded in 1902 by Holland (859 — 37 , 51). According to 
Burton {see Hayden, 793 — 31 , 24), the mineral occurs as nodules 
in a band of mica pegmatite about 40 yards in width. The largest 
nodule found weighed 36 lb. About 6 cwt. of pitchblende had been 
found by the year 1913. The returns for 1915 include 16 lb. ob- 
tained at this locality. 

SAMABSEITE. 

MADRAS. 

Nellore.--The existence of samarvSkitc,— a complex niobato and 
tautalate of uranium, yttrium, iron, etc., — in one of the Nellore mica 
mines appears to have been first brought to notice by P. IST. Bose 
about the year 1907, but no details of the occurrence or locality 
wore furnished. In 1910 specimens were forwarded to Calcutta by 
R. R. Simpson, who obtained them from the Sankara mica mine 
near Gbidalxjr (14° 16' 30" : 79° 60'). These included a fragment 
13 lb. in weight, with a specific gravity of 5*74 {see Tipper, 1787 — 7 ). 
In a later paper (1787 — li) Tipper gives further details of the occur- 
rence. The samarskite is found in irregular angular masses, ranging 
from minute fragments up to 200 lb. in weight, in pinkish brown 
felspar forming one of the constituents of a garnotiferous pegmatite. 
The mineral is strongly radioactive. 

Two other minerals containing uranium wore found in the same 
mine. 

An output of 43 cwt. of samarskite is reported for the year 1914, 
as against 3 cwt. in 1913. 


TITANIUM. 

BIHAR AND ORISSA. 

lUaiibhum. — Ball (71 — 46 , 107) mentions the occurrence of mas- 
sive iliucnito at the foot of the hills to the W. N. W. of Manbazaar 
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(23° 3' 30": 86° 43'). In tie neigibouxiood of Supuk (23°.!': 
86° 55' SO") it occurs in large masses weathered out from quartz 
veins, and in lamellar plates or seams in situ (B. 323). 

Well developed crystals of rutile, sometimes half an inch in 
thickness, were found by Warth (1892 — 23, 51) on the surface of 
the ground near the outcrop of a kyanite vein exposed in the neigh-- 
bourhood oT Salbanni (23° 4' : 86° 20'). 


MADRAS. 

Travaneoiro. — Ilmenite in small masses or isolated crystals is a 
common constituent of the charnockites and pyroxene gxanulites qf 
Peninsular India (Holland, 859 — 3i, 126). It occurs in abundance- 
in the monazite sands on the coast near Cape; Comorin (see Tipper,. 
1787—12, 187). 

Trichinopoly.— Bose has reported the occurrence of rutile in the 
neighbourhood of Kadavur (10° 36' : 78° 16') — (862, 285.) 

PUNJAB. 

Patiala. — ^According to Bose (173 — 2i, 59), a massive form of 
rutile has been met' with in the course of mica exploration near 
Ghatasher (27° 68' : 76° 5' 30") in the Narnaul district. The 
mineral appears to occur in some abundance in the Arvali series. 


RAJPUTANA. 

Alwar. — ^Hacket (730 — 4, 249) has recorded the occurrence of 
small quantities of rutile in quartz veins in the Motidongri ridge 
(27° 32' : 76° 39'), a short distance to the S. of Alwar (B. 324). 

Hisliangarh.— An occurrence of ilmenite, formerly smelted as a 
ore of iron, near Kanchria (26° 32' : 74° 56' 30"), has been recorded 
by Vredenburg (1854 — 8), The mineral is found in large well 
shaped crystals associated with quartz and calcite ' in a broad vein 
traversing granitoid gneiss. The specific gravity is 4-60. 


UNITED PROVINCES. 

Mirzapur. — Mallet (1159 — 5, 22) notes that ilmenite sand occurs 
in some of the streams in south Mirzapur. 
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VANADIUM. 

MADRAS. ; 

Travaucorc. — According to a partial analysis made by Chacko 
(298, 53), a sample of the ash from lignite occurring in the Warkalli 
beds contained 2 per cent, of vanadium oxide ; but no trace of this 
element was detected in two samples of the ash analysed at the 
Imperial Institute (1. o., pp. 81, 82). 

BEH see SODA. 


ROCK CRYSTAL ) 

>see under GEM-STONES. 

ROSE QUARTZ. ) 

BUBELUTE see GEM-STONES— TOURMALINE. 

RUBY see under GEM-STONES. 

RUTILE see BARE MINERALS— TITANIUM. 

SALT. 

The sources from which the indigenous salt supply of India is 
derived may be divided into three categories : — (A) Sea water 
evaporated by solar heat. (B) Brine from lakes in areas of internal 
drainage, brine springs and wells, or obtained by the liriviation of 
saline soils and evaporated by. artificial means. (C) Deposits of rock 
salt, quarried or mined in certain districts of the North-West Frontier 
Province and the Punjab. 

General accounts of the salt resources of India have been given 
by Warth (1892—8), Ball (71— Cfi), and Ashton (44). 

During the quinquennial period 1909 to 1913, the larger propor- 
tion, amounting to about 70 per cent., of the indigenous output was 
obtained from sea water, — Aden and the Presidencies of Bombay and 
Madras being the chief producers. Rock salt accounted for about 
10 per cent, of the total. The bulk of the remainder was derived 
from lake and subsoil brines in the Rajputana desert. The average 
annual production for the whole of India, including Aden and Bmsnaa, 
during this period, was 1,412,274 tons. The average amount imported 
annually from foreign countries was 460,000 tons. In 1915 the 
total production amounted to 1,745,521 tons, and. the quantity 
imported, excluding that from Aden, to 417,237 tons. The cessa- 
tion of supplies from Germany, with the exception of 1,020 tons 
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from prize cargoes, and frdm Asiatic Turkey, was largely balanced 
by enhanced imports from Egypt, Spain, and the United Kingdom. 


ADEN. 

The average annual production of salt from sea water in Aden 
and its dependencies, during the quinquennial period 1909 to- 1913, 
was 110,378^ tons. Of this amount, 92, *295 tons, or 16-7 per cent, 
of the total, was exported to India annually. In 1916 the amount 
produced was 352,232 tons, of which 102,286 tons were exported to 
India. 


AFGHANISTAN. 

Hutton (900 — 8 , 601) states that salt was obtained in Kushk-i- 
Nakhxjb (31° 43' : 65° O') by washing the soil and boiling down the 
brine. A superior article was brought from Guemsael (Gaemsie, 
30° 30' : 63° 10'), where the water of a stream flowing from the 
hills left cakes of salt resembling ice on the surface of a swamp on 
evaporation. The city of Kandahar was supplied from these sources. 

Medlicott (1197 — 67 ) notes the receipt of specimens of rock salt 
from Paee Anoitki in the Chakmani country, 20 miles to the W. of 
Kxjebam Eoet (33° 49' : 70° 8'). No use appears to have been 
made of this salt, for the greater part of Afghanistan was supplied 
from the Kohat district, N.-W. Frontier Province (B, 481). 


SEiFASSAM.!iffi 

Cachar. — The manufacture of salt from brine wells is mentioned 
in the Statistical Account of Assam (896 — 3, Vol. II, 370). The 
salt is said to be much inferior in quality to that imported from 
Bengal. In 1876 the industry was practically extinct."; 

Lakhimpur. — Sait was formerly manufactured, according]- to 
Eobinson (1503 — i, 33), from brine springs situated at Boehat 
(27° 10' : 95° 25') and Sadiya (27° 50' : 95° 43'). The production 
at the latter place in 1809 is said to have been about 3,700 tons. The 
brine was boiled down in bamboos, pared so thin that the percolation 
of moisture from within prevented their burning (B. 491). 

Naga Hills. — Owen (1352) has described a similar method of salt 
manufacture practised by the Dwaria and Namsangia tribes. The 
brine is said to have been obtained from 85 springs, usually rising in 
the beds of rapids in the streams. 
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Nowgong. — ^Hunter (896 — 3, Vol. I, 176) says that a salt mine is 
known to exist at Janothanq, in tlie Mikir Hills, but the statement 
requires confirmation (B. 491). 

BALUCHISTAN. 

Quetta-Pishiii. — Hutton (900 — ^8, 601) mentions the manufacture 
of salt in the Pishin valley from brine obtained by the lixiviation of 
saline soil (B. 481). 

BENGAL. 

Salt was formerly manufactured in considerable quantities in the 
districts lying on either side of the Hooghly below Calcutta, but the 
industry is now practically extinct. Hamilton has described 

the method practised in the Midnaporc district about Tamlxtk 
(22° 18': 87° 58' 30"), and McClelland (1117—24) and Ashton 
(44, 139) that in the 24-rarganas, on the eastern side of the river. 
Sea water was admitted on to' ground levelled for the purpose, and 
when impregnated with salt the earth was scraped up and lixiviated 
in straw filters. The brine was then boiled down, either in nests 
of small earthen vessels fastened together honeycomb fashion with 
stiff clay, or in shallow iron pans. In works of the first kind, 
known as Baharbang, evaporation was carried on only during the 
day ; while in the second, or Tuffal works, green wood was used 
and the evaporation proceeded continuously. McClelland appends 
directions for the preparation of sulphate and carbonate of magnesia 
from the bittern or waste liquor. ^ 

BIHAR AND ORISSA. 

In the saline tracts bordering the coast of Orissa, salt was manu- 
factured in Balasorc and Cuttack by a process similar to that employed 
in Bengal, and in Puri by solar heat. In the latter district salt 
water was led by eanals from the Ohilka lake into rows of shallow 
pits arranged in sots of four, increasing successively in depth from 
18 ins. to 3 ft. -The final concentration was cfEocted in pools 6 ins. 
deep and 5 ft. square. The production in these districts amounted 
in 1875-76 to about 10,500 tons, according to the Statistical Account 
of Bengal (896-2, Vol. XVIII, 175,336 ; Vol. XIX, 151). 

A certain quantity of salt was formerly obtained as a bye-pro- 
duct in the manufacture of saltpetre in the Bihar division, but no 
output is now recorded in the aTinual returns of mineral production. 
An analysis of the salts accompanying the saltpetre was given by 
Piddington (1405 — lO) in 1841, when the quantity of edible salt 
produced was estimated at about 10,000 tons annually. 
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BOMBAY. 

A large proportioa of the Indian production of salt, amounting 
to an average of 481,879 tons annually during the quinquennial period 
1909 to 1913, or 37 per cent, of the total, is manufactured in Bombay 
and Sind from sea water, or from subsoil brine as in Cutcb ; where, 
according to Wynne (1975 — il, 89), nearly all the rocks, especially 
the upper Jurassic and lower Tertiary beds, are strongly impreg- 
nated with chloride of sodium and other salts. The same observer 
remarks {lx., p. 19) that the salt naturally formed on the floor of 
the Runn of Cutch does not form an important article of export, 
and usually has a rather bitter taste. In 1916 the quantity of salt 
produced in the Presidency was 524,257 tons. 

In 1847 Macleod (1138) and Burke (233) called attention to the 
existence of extensive beds of salt in the neighbourhood of the Kori 
and Gangra branches of* the Indus, opposite L^hpat (23° 50' : 
68° 61'). One of the deposits is said to extend for a length of about 
20 miles, by 15 miles in breadth, with an .estimated thickness of 3 ft.r 
and would contain about 1,500 million tons of salt (B. 481). 


BURMA. 

In addition to the salt manufactured from sea water in the coastal 
districts, — for a description of the process see Thurley (1783), — large 
quantities were formerly extracted from water furnished by brine 
spring^ and wells, especially in the " dry zone,' where the water 
from deep wells is almost always noticeably saline. Brine springs 
frequently occur in crushed or distorted strata among the rocks in- 
cluded in the Burmese petroleum belt. Reference to their occurrence 
has been made by the following writers : — 

Clilndwin (Upper). — ^Hannay (13859 270) states that in the 

Sukawng valley salt was obtained from brine springs on the Nam- 
won-kok and Edi rivers. 

Grant (692 — 2, 130) mentions the existence of brine springs and 
wells at several places in the valley of the Maglung or Yu R. (Kabaw 
valley), between Yuwa (23° 54' 30": 94° 35') and Tammu (24° 13': 
94° 21'). 

Katlia. — Noetling (1311 — is, 119) enumerates a number of salt 
springs situated on the western side of the Maingthon hill tract 
(24° 10' : 95° 46') in Wuntho. The springs rise from beds of 
volcanic ash, and are distributed along a N. N. W. — S. S. E. line,, 
probably coinciding with that of a fault. They usually rise in the 
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beds of streain3^!;^^(|^ water of whicli is cut off by sinking a followed- 
out tree trunk on tie site of the spring. 

Myingyan.— At Saoyin (20° 57' 30" : 95° 28') and other villages-^ 
in the neighbourhood, salt was still being manufactured in 1909 
{see La Touche, 1034—39, 101) from the saline efflorescence derived 
from brine springs. After saturating the soil by repeated moisten- 
ing with water from the springs and drying, the brine is washed, 
out in large conical wicker baskets, and evaporated over a slow 
fire. 

Pegu. — Theobald (1763 — 18), in a special report on the salt 
springs of Pegu, has enumerated 79 springs and wells, distributed 
along three lines roughly parallel to each other and to the eastern 
flanks of the Arakan Yoma, extending northwards through the 
districts of Henzada, Promc, and Tliayetmyo. The most important 
spring is that of Sahdwingyi (Sanywagyi, 18° , 2' : 95° 9'), which has 
a discharge of 57 gallons per hour. The water contains 4,704 gr^. 
of salt per gallon. In most cases there was no perceptible flow 
of water, the brine being obtained by baling from timbered wells. 
(B. 492). 

Sagaing. — Oldham (1326—17, 323) has described the process of 
manufacturing salt at YegA (21° 59' : 96° 59') from the water of a 
small lake of brackish water. The mud from the ’bed of the lake 
was lixiviated in straw filters, and the brine, concentrated by evapora- 
tion in iron pans, was placed in baskets, in which the salt crystallised 
out. 

Shan States (N.).— "Bawgy 6 or Maw-iikeo (22° 35': 97° 17'). 
The manufacture of salt from a brine well situated at this locality 
has been described by Noetling (1311 — 7 ) and La Touche (1034 — 32 ). 
The brine was found on analysis to contain aboxit 25*5 per cent, of 
total salts, the composition of which was : — ^NaCl^fiOAS : Na 2 S 04 = 
36*24 per cent., with small qxiantities of sxilphate of lime and mag- 
nesia. It was estimated that the well is capable of producing about 
160 tons of common salt and 70 tons of sulphate of soda per annum. 
The brine is evaporated nearly to dryness in shallow iron .pans, 
the bulk of the sulphates crystallising as a hard scale on the bottom 
of the pan, and the salt is sold locally in its crude state. 

Shwebo. — Considerable quantities of salt ‘ were manufactured in 
this district, according to the Gazetteer of Upper Burma (1601y 
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Vol. II, 296), under Burmese rule. The centre of the industry was 
at 'HALiN (22° 26': 96° 51'): The brine was obtained from the 
subsoil, or, when deficient in strength, by pouring water from wells 
over the fields and gathering the efflorescence, which was lixiviated 
and boiled down in the usual way. The production was from 126,000 
to 200,000 viss (=200 to 320 tons) annually. 

Strover (1721, 14) mentions extensive salt fields at Shimpagah 
(? Shinmaga, 22° 17' : 96° 1' 30"), on the west bank of the Irra- 
waddy above Mandalay : but this was probably one of the places 
whence the salt from the interior of the district was shipped to the 
capital (B. 492). 

The average annual production of salt in Burma, during the five 
years 1909 to 1913, amounted to 27,164 tons. In 1914 the output 
fell to 21,522 tons, but in 1915 it rose again to 28,521 tons. 

CENTRAL INDIA AGENCY. 

Gwalior. — A small output of salt from the Gwalior State is 
recorded annually in the returns of mineral production. It is manu- 
factured from subsoil brine as in Bharatpur and Gurgaon. The 
average amount produced annually during the period 1909 to 1913 
was 100 tons. In 1916 the output was 127 tons. 

CENTRAL PROVINCES. 

Akola. — Blanford (14S — 22, 284, 380) and Lyall (1107, 22) have 
described a salt industry formerly carried on in the valley of the 
Puma R. between Dhyunda (Dahihanda, 20° 53' : 77° 11') and 
OoMRAWXJTTEE (Amraoti, 20° 66' : 77° 48' 30"). Brine was ob- 
tained from wells sunk in the alluvium, from 90 to 130 feet in depth. 
The sahferous stratum is a bed of tenacious gravelly clay, from which, 
on being tapped, the salt water rises with considerable force to a 
height of 15 or 20 ft. from the bottom of the well.’ The brine was 
evaporated by solar heat in shallow pans lined with a concrete of 
river gravel and kankar. Wynne (1975 — 7, 3) says that the crystals 
of salt were small and rather dirty, but whiter salt was obtained in 
the hot Reason. Each well produced about 5 cwt. of salt monthly 
(B. 477). 

Buldana. — A certain amount of salt is obtained as a bye-product 
in the manufacture of carbonate of soda from the brine of the Lonar 
LAKE (19° 59' : 76° 35'), noted under the heading SODA. Accord- 
ing to analyses made by Christie (314 — l, 283), an average sample 
of water from the lake contains chlorine in the proportion of 34-18 
■grams per litre. 
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Chanda. — Oldham (1326 — 69, 80) has remarked that a deposit of 
brownish yellow sand or clayey sandstone, occurring benej^h the 
alluvial gravels of a large portion of western Chanda, is distinctly 
sahne. Samples of the salt obtained by lixiviating the sandy clay 
contained respectively : — ^lSraCl=82-89 : . MgS04=16-02 per cent. ; 

and NaCl=87'58 : MgS04=ll*86 per cent. 

HYDERABAD. 

Oulbarga. — Foote (596 — 12, 253) states that a large q[uantity of 
salt was manufactured at Baiohubal (16° 33' : 76° 37' 30") from 
brine obtained from wells sunk to a depth, according to Meadows 
Taylor (1751 — 2, 31) of 120 feet. The water of several of the streams 
draining the spreads of regur, or "cotton soil,' in the neighbourhood, 
especially that of the Dhon R., is distinctly saline. A stream which 
joins the river from the N. E. at Talikot (16° 28' : 76° 22') is said 
to deposit impure salt in parts of its bed when dry. 

MADRAS. 

The manufacture of salt in the Madras Presidency is now practi- 
cally confined to the coastal districts, where it is derived from sea 
water, solar heat being employed in the evaporation. The process 
is described in the various District Manuals (see Garstin, 636 , 460 ; 
Mjiltby, 1162 , 279 ; Bayley, 90 ; do Havilland, 452 ), and consists 
in admitting the water, already concentrated to a certain degree by 
evaporation in pits for about 26 days, to shallow reservoirs or pans 
about two-thirds of an acre in extent. The pans are prepared by 
repeatedly allowing a thin crust of salt to form, and thoroughly in- 
corporating it with the soil by treading and ramming it in. Formerly 
a certain amount of salt was produced in the inland districts by the 
lixiviation of saline earth (^ec Mayer, 1193 — 1 ; Nicholson, 1301 — i) ; 
but this industry has been suppressed by Government (B. 475). 

The average annual production of salt in the Presidency, during 
the quinquennial period 1909 to 1913, was 404,280 tons. For the 
years 1914 and 1915 the quantities produced were respectively 
298,862 and 346,714 tons. 

MYSORE. 

The manufacture of " earth salt ' in the Mysore State, as at pre- 
sent carried on, has been described by Primrose (1431 — 8, 207) and 
Sambasiva Iyer (1548 — 7, 253). The saline earth is lixiviated in 
troughs lined with lime plaster, and the brine is filtered through sand 
into shallow earthen pans, in which it is evaporated by solar heat. 
The yield is said to be about 3 lb. per square foot of heating surface^ 
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or about 2 tons annually for eacb pan. No trustworthy data of the 
total annual production are available. 

NORTH-WEST FRONTIER PROVINCE. 

Kohat. — Allusion to the existence of extensive beds of rock salt 
in the Kohat district was made in 1843 by Agha Abbas ( 15 , 595, 597), 
^ind later by Verchere . (1839 — 2 , 26) and Oldham (1826 — 49 ) ; but 
it was not until the year 1874 that an adequate description of the 
•deposits was published. In that year a report by Wynne and 
Warth ( 1976 ), afterwards reproduced in the Memoirs of the Q-eolo- 
•gical Survey ( 1975 — 16 ; 1892 — 7 ), was drawn up, giving a complete 
account of the geology of the region and . of the economic develop- 
ment of the salt. 

The rock salt occurs in beds of great thickness, measuring in one 
instance at least 1,000 feet, at a single distinct horizon overlaid by 
beds of gypsum, apparently followed in conformable sequence by 
nummulitic (Eocene) limestone. The presumption therefore is that 
the salt beds are of lower Tertiary age, but as the underlying beds 
have not been observed in any of the sections examined, and no 
fossils have been met with in direct association with the salt, their 
-exact geological position has not yet been ascertained. 

The beds of rock salt are exposed along the axes of a series of 
narrow, elliptical, anticlinal folds, so that the outcrop is never con- 
tinuous for any great distance. The area over which salt is actually 
exposed is approximately estimated by Warth (1892 — 7 , 324) at 
:3,082.,996 sq. feet., which would yield, on the assumption that the 
average thickness is 100 ft., about 18 million tons of salt. Since, 
however, the salt may be reasonably expected to be accessible over 
a total area of 5 sq. miles, the quantity actually available must be 
much greater than this, probably not less than 1,250 million tons 
(B. 482). 

The salt is usually of a greyish colour, differing in this respect 
from that of the Punjab Salt Eange, which has a reddish tinge. It 
is of great purity, being only slightly Contaminated with thin layers, 
of clay, except in the upper portion, which is often impregnated with 
petroleum. A sample of clean salt from Bahadur Khel, analysed 
by Tween {see Wynne, 19*75-^15, 130), contained : — 01=59-52 ; 
H 2 S 04 = 1-5 : CaO=l'06: Na=37-47 : Insoluble matter=0*45 per 
cent. It contained no foreign salts. 

At the time of Wynne and Warth's survey, the principal quarries 
were situated at the following places : — 

Bahadur Khel (33° 11' : 71° 1'). The outcrop extends over 4 
•miles in length, with a breadth of a quarter to half a mile. The 
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visible thickness of salt -exposed, allowing for a northerly dip, is at 
least 1,000 feet. Two hills in the centre of the valley, about 200 feet 
in height, are entirely composed of salt. 

Jatta (33° 19': 71° 20' 30"). Outcrops and quarries extend 
•over a space half a mile long and a quarter of a mile broad. The 
thickness of salt exposed in one of the outcrops was 100 ft. but 
the total thickness is probably much greater than this. 

Khabak (33° 7' : 71° 9' 30"). Quarries are worked over an area 
of a quarter to half a mile in length and a few hundred yards in 
width. The salt is covered by thick deposits of gypsum and debris, 
and dips at angles of 40 to 45 degrees. Exposures vary from 20 to 
40 feet in height. 

Malghin (33° 20' : 71° 35'). The salt quarries are situated 4 
miles to the S. of the village. The outcrop extends for 3 miles 
from E. to "W. The space actually quarried was about half a mile 
long, and was greatly obscured by debris from old quarries, which 
rendered the working extremely difficult and dangerous, - 

Nabi (33° 11'. 30" : 71° 13'). The outcrops extend for 2 miles, 
but quarrying was confined to a space half a mile in length and 
several hundred yards broad. The thickness visible is about 200 ft. 

In addition to these places, particulars of 25 old quarries and 
outcrops are given in the memoir (1892 — 7,* 315 — 324). The most 
favourable of them as regards regular mining are said to be: — 
Bubbubba (33° 16' 30":- 71° 12'), Zaxno (33° 18' : 71° 35'), Nun- 
DBUKKi (33° 16': 71° 37'), Kurab (33° 14': 71° 23'), and Sib- 
baikhwa (33° 10' : 71° 16'). 

At Bahadur Khel and Kharak the salt was extracted by pick axe 
.■and wedge in the form of slabs, called tubhis or chakkis, measuring 
13 ins. across and 4 ins. [n thickness, advantage being taken’ of 
the planes of stratification of the salt and the comparatively high 
•dip,’ — about 45 degrees. At the other quarries gunpowder was used, 
and the salt obtained in irregularly shaped fragments. 

The average annual production of rock salt in the Kohat district, 
•during the five years 1909 to 1913, was. 18,448 tons. The figures 
for 1914 and 1915 were 19,099 and 18,239 tons respectively. 

PUNJAB. 

Ciiirgaon* — The salt industry in this district, which was formerly 
■of some importance, has been described by Gubbins (721) and 
Ashton (44, 128). The brine is derived from wells, from 24 to 40 
ft. in depth, situated chiefly in the neighbourhood of the villages 
•ofNuH(28° 6': 77° 3') and Sultanpur (28° 1'.: 77° 11'). The salt 
water is evaporated by solar heat in shallow pans lined with lime 
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plaster, arranged in sets of six, one of ■whicli is always kept filled 
with, brine from the remaining five, the process taking from 12 to 
20 days to complete, according to the season. Branches of various 
shrubs are placed in the pans, in order to facilitate the crystalhsation 
of the salt. Ashton, writing in 1900, says that the industry was 
becoming extinct, the number of factories having declined from 390 
in 1867 to 42. The salt is of inferior quality, containing from 81 to 
87 per cent, of chloride, with a noticeable proportion of sulphate of 
soda .(B. 490), 

Jhelum and Sliakpur”) ^ a li. t> . 

(Salt Range) j-— The name Salt Range appears to 

have been first used by Elphinstone (545, 103) to denote the hilly 
country extending from the base of the Safed Koh to the banks of 
the Jhelum, including the salt hills of Kohat ; but it is now res- 
tricted to the broken ground (not a range in the strict sense of the 
term) forming the southern scarp of the ‘ Potwar," the elevated plain 
lying at the base of the Himalaya between the ‘Jhelum and Indus 
rivers. The first account of the deposits of rock salt and their 
exploitation by the Sikhs was given by Burnes (285 — 4;-— X3, Vol. I, 
50) in 1832 ; but it was not until after the annexation of the 
Punjab in 1849 that the geological relations of the deposits were 
studied. 

In 1853-54 Fleming (591 — 5) and Theobald (1763 — l) published 
reports on the geology and mineral resources of the Range, and 
showed that the saline series is apparently the oldest formation 
exposed. This position has also been assigned to them by Wynne 
in his exhaustive memoir (1975 — 18) on the geology of the Range. 

The salt occurs in discontinuous beds or masses in a thick band 
of a peculiar bright red gypseous clay or ' marl,'" which is overlaid, 
towards the eastern end of the Range, by a series of beds known by 
their fossils to be of Cambrian age. Certain anomalies, however, in 
the mode of occurrence of the red marls render it doubtful whether 
this is their ,true position in the geological sequence. Fleming 
(591 — 5, 240 ; — 6, 197) was the first to draw attention to their 
resemblance in some respects to igneous intrusions. Verchero 
(1839 — 2, 22) attributed the deposition of the gypsum, as anhydrite, 
to hot springs, and the quasi-intrusive character of the beds to the 
increase of volume consequent upon the conversion of the anhydrite 
into gypsum. More recently the theory of the igneous origin of the 
marls has been elaborated by Middlemiss (1219 — 14, 26), who relies 
mainly upon the unstratified nature of the deposits ; their apparently 
corrosive action upon included patches of dolomite ; the absence of 
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any traces of the marl in the Salt Range boulder bed, of Carboni- 
ferous age, even when in contact with the marl, though, pebbles of 
unaltered dolomite derived from it occur in large quantities ; and 
on the many instances observed of an apparent intrusion of the 
marls into formations of later date than the Cambrian. Holland 
also has shown (859 — 2) that bipyramidal crystals of quartz imbedded 
in the gypsum contain inclusions of anhydrite, indicating that the 
deposits were formed at a temperature of probably not less than 
200® C. The question has again been discussed by Christie (314 — 4^ 
252), who has pointed out that the absence of stratification in the 
marl is merely superficial, sections in the interior of th,e mines 
showing distinct bedding ; that the dolomite is of sedimentary 
origin ; that the anomalous position of the marl is due to plasticity 
induced by the pressure of the overlying rocks ; and that it has 
been shown that sulphate of lime may be deposited as anhydrite at 
temperatures above 25® C from solutions saturated with respect to 
sodium chloride and calcium sulphate. He concludes that the' 
saline series is a sedimentary deposit, but that it has been depressed 
since the time of its accumulation to a depth suiBBicient to raise the 
temperature to at least 80® C. 

In addition to Burncs’ account, noted’ above, descriptions of the 
working of the mines under Sikh administration have been given by 
the following writers : — 

1836. Court (377, 476). 

1841. Jacquemont (926 — 3, Vol. Ill, 109). 

1843. Jameson (931 — 3, 198). 

1843. Agha Abbas (16, 674). 

1849. ) 1(591-3). 

1850. Bowring (183 — 1, 51). 

* Mines were formerly very numerous, but those described were 
situated at Jutana (32® 43' 30" : 73® 13'), Khewba (32® 39' 30" : 
73® 4'), Makbaoh (32® 40' : 72® 57'), and Sabdi (32® 41' : 72® 47') 
in Jlielum, and at Vabcha (32® 26' : 72® 2') in Shahpur. The work- 
ings were entered by narrow, tortuous passages, ope'ning into huge 
caverns, in which no precautions were taken for the prevention of 
falls from the roof. The production of salt was from 28,000 to 
30,000 tons annually. 

Under British rule the number of the mines was greatly reduced, 
and at the time of Wynne's survey only three were being worked, 
viz,» at Khewra, Sardi, and Varcha. In 1868 recommendations had 
been drawn up by Oldham (1326—49, 146) for improving the admi- 
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nistration of the mines, and in 1872 a systematic plan of working 
was laid out by Warth (1892 — l ; — 4 ; — 5 ; — 8),' which has been 
followed to the present day. The most important are the Mayo 
mines at Khewra, where five salt beds are known, with an aggregate 
thickness of 275 feet, separated by beds of red marl and impure 
salt or hallar. The workings are laid out in blocks, thirty-seven 
in number, separated by pillars 30 ft. in width, which run conti- 
nuously through the mine at right angles to the strike of the seams. 
The seams aie worked from above downwards, the floor of each 
block being blasted away in steps. The chambers are entered 
from two levels furnished with tramways, which converge at a 
single main exit. 

At Sardi the bed of salt worked was 20 ft. in thickness, but 
the mine was unfavourably situated for working, and has been 
closed. A small mine has since been opened in the Nilawan gorge, 
a little further to the west, below the village of Nurpur (32° 40' : 
72° 39'). 

At Vargha 20 feet of salt are excavated from a bed of much 
greater thickness, the remainder being of comparatively poor quality. 
The old Sikh workings here were of great size, but of the usual 
dangerous character. - 

The salt of the Eange is white or pink in colour, often laminated 
in layers of different tints. The composition is more complex than 
that of the Kohat salt, since it contains a certain proportion of foreign 
salts. An average analysis quoted by Christie (314 — 4, 243) gave : — 
NaCl=96*10 ; MgCl 2 — 0*60 : Na 2 804=3*20 : Insoluble matter=0*10 per 
cent. ; and the average analysis of 4 samples quoted by Wynne (1975 — 
18 , 77) ]SraCl=93*00 : MgCl2=l*25 : CaCl2=0*50 : CaSO 4 = 0*75 : 

Water and loss =4*50 per cent. According to Giraud (661 — i), 
the red colouring matter consists of infusoria and confervae, an obser- 
vation that does not seem to have been confirmed (B. 484). 

The average annual production of rock salt, during the quin- 
quennial period 1909 to 1913, was 128,247 tons, of which about 
100,000 tons annually came from the Mayo mines. In 1914 the 
output amounted to 138,542 tons, and in 1915 to 135,519 tons. 


(Mand^"} — mines of Mandi State were first des- 
cribed by Moorcroft (1246, Vol. I, 159) in 1841, and a few years 
later by Jameson (931 — 3, 214) and Parish (1363 — l, 289). In 
1860 they were, visited by Medlicott (1197 — 5, 60), who describes the 
salt as being of a dark purplish hue, quite opaque, and with a large 
admixture,— -about 25 per cent., — of earthy impurities. Small nests 
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of pure crystalline salt are occasionally met with, and these are 
reserved for the use of the Eaja and his household (B. 490). 

The precise age of these deposits has not yet been determined. 
They occur in a zone of limestone, shales, and sandstone, supposed 
by Medlicott to belong to the Krol series, and much complicated by 
trappean intrusions, just within the boundary separating these rocks 
from the sub-Himalayan Tertiaries ; but in the Manual, Geology of 
India (IIQS, 558) the opinion is expressed that the beds may be an 
abnormal development of the Subathu (nummulitic) group. Jameson 
(l.c,) compared them with the salt series of Kalabagh, in Mianwali, 
relying mainly upon the association of the salt with a band of bright 
red * marls " and magnesian limestones. 

The salt is quarried at two localities 14 miles apart, Dkang (31° 
49' : 77° 1') and Guma (31° 58' : 76° 55'). The method of extract- 
ing the salt, as described by Jameson, is peculiar. Rimnels of 
water are led across the* face of the beds, and wear out channels 
in the salt, enabling^the miners to break off large blocks with sledge 
hammers. The average annual output, during the five years 1909 
to 1913, was 3,689 tons. In 1914 and 1915 the production amounted 
to 2,792 and 3,633 tons respectively. 

Ulianwali. — Kalabagh (32° 58' : 71° 37'). The rock salt of this area 
-occurs at the same horizon and under the same conditions ^ as in the 
Jhelum and Shahpur districts, in what is, geologically considered, an 
extension of the Salt Range to the western side of the Indus. An 
account of the locality was given by Mohun Lai (1234—1) in 1838, 
when 21 quarries were being worked. The geology of the area has 
been described by Fleming (691—3, 687) and Wynne (1976—28, 
246), and the mode of occurrence of the salt by Warth (1892 — 6). 
The red marl in which the salt occurs is exposed at the base of the 
hill on which the town is built, and extends northwards for about 
2 miles up the valley of the Lun stream. The salt beds range from 
4 ft. up to 10 or 20 ft. in thickness, and are worked in open 
quarries. The salt is usually of the same reddish colour as that of 
the Salt Range, but much of it occurs in transparent cubes measuring 
several inches on the side (B.- 483). 

The production from these quarries is included in the returns from 
the cis-Indus Salt Range. 


RAJPUTANA. 

Bliaratpur. — Salt was formerly manufactured, to the extent of 
about 57,000 tons ann\ially, in this State, but the industry was 
closed by arrangement with the Government of India in 1876 {see 
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Hacket, 730 — 3 , 198). The process of manufacture, which was- 
similar to that practised in the neighbouring district of Gurgaoii,- 
was described in 1832 by Hardie (764 — 6, 334). The brine was 
obtained from wells sunk in the alluvium to depths of 42 to 64 ft. 
that from depths of between 51 and 60 ft. being the richest in salt. 
The chief centres of the industry were situated at Bharatpur 
(27° 13' : 77° 33'), Dm (27° 29' : 77° 23'), and Kumher (27° 19' : 
77° 26'). 

In Western Rajputana, salt is manufactured from brine occurring 
in natural depressions of the surface, which are in some cases con- 
verted into shallow lakes during the monsoon season, and wholly 
or partly desiccated during the ensuing hot weather. Several sug-^ 
gestions have been put forward in order to account for the exist- 
ence of the desert salt, and the replenishment of the stores contained 
in the depressions. Blanford (148 — 48 , 93) supposed that an arm 
of the sea may have extended in xecent times up the valley of the 
Luni R., the water of which, when not in flood, is intensely salt ; 
and that the Runn of Cutch is a remnant of this ancient gulf. Hacket 
(730 — 3 , 202) thought that the salt of the lower ground might have be^n 
introduced by th6 large rivers of the Punjab, which, there is reason, 
to beheve, once flowed through Rajputana ; .and that at higher 
elevations the salt may be derived from concealed beds of rock 
salt in the Vindhyan series. Noetling (see Griesbach, 708 — 34 , 19),. 
after an examination of the Sambhar lake, formed the opinion that 
the brine was supplied by springs rising along a supposed fault in 
the Arvali rocks beneath the silt which forms the floor of the lake ; 
while La Touche (1034 — 28 , 41) suggested that the salt brought down 
in solution by the rivers flowing from the Axvali range, instead of 
being carried into the sea in the usual way, is deposited on the sur- 
face of the desert as the water evaporates. The question has more 
recently been discussed by Holland and Christie ( 860 ), who have 
shown that there is either no evidence in support of these theories, 
or that the explanation they give is inadequate to account for the 
facts. Following up an observation by La Touche (1034 — 28 , 39) 
that the fossil remains of foraminifera are carried inland by the 
wind from the limestone areas in Cutch to distances of over 300 
miles, they instituted a series of quantitative tests, carried out in 
1908 by Christie near Pachpadra, which showed that large amounts 
of salt must be carried into the desert area from the saline tracts 
surrounding the Runn of Cutch during the annual monsoon, when 
the prevailing winds blow from the S. S. W. The results of these 
experiments, which were made under conditions not entirely satis- 
factory, give some idea of the magnitudes involved. Assuming that 
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all the salt is carried in the lowest 100 metre layer of the atmosphere, 
it was estimated that the quantity of wind borne salt brought into 
Rajputana during each hot weather season would be about 130,000 
metric tons ; and that during the same period of four months, 
about 36,000 metric tons would be brought into the drainage area 
of the Sambhar lake. 

The following are the principal salt-producing localities in this 
region : — 

Bikaner.— Lonkaea Sar (28° 30' : 73° 48'). No description of 
this salt source has been published, nor are any statistics of output 
recorded. 

Jaipur.— Kachor-Rewassa (27° 27' : 75° 18'). This is a shallow 
depression, and was perfectly dry when visited by Hacket (730 — 3, 
201) about the year 1880. No manufacture of salt was then being 
carried on. 

Sambhar (26° 54' : 75° .15'). The Sambhar lake is the largest 
of the Rajputana salt lakes, covering an area of about 90 sq. miles 
during the monsoon season. It lies in a depression surrounded on 
all sides by schists of the Arvali scries, having a drainage area of 
about 2,200 sq. miles, and is fed by four rivers, — the Menda, Rup- 
nagar, Kharian, and Khandel. During the hot season the lake 
becomes practically dry. Borings made in 1904 through the silt in 
the bed of the lake reached the floor of Arvali schist at depths of 
61 to 76 ft. 

Specimens of the silt from the bed of the lake were analysed by 
Prinsep (1436 — 20) in 1836, and found to contain : — ^NaCl=19’6 : 
Na2SO4=10'4 : Insoluble mattor=70'0 per cent. Analyses made by 
Holland (869 — 3, 247) of four samples of tho lake brine collected in 
. March 1891 showed that the average quantity of solid salts present 
amounted to 25 ‘89 per cent., and that tho average composition per 
ton of salts was : — Sodic chloride 15 cwt. 2 qr. 7 lb. : Sodic carbo- 
nate, 1 cwt. 0 qr. 8 lb. : Sodic sulphate, 3 cwt. 1 qr. Traces of 
iodine and nitrates were found in all tho samples, but the presence 
• of boracic acid, which Warth (1892 — 17) thought that he had detected, 
was not confirmed. 

From the results of a systematic sampling of the silt in the lake 
bed, carried out in 1905, it was calculated by Holland ( 869 — 66 , 
100) that tho upper layer of 4 ft. contained 18,607,000 tons of salt, 
and that tho proportion contained in lower layers down to 12 ft. 
was at least as groat as this. At the same time it was pointed out 
that the practice of returning the bittern containing the' sulphate 
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and carbonate to tbe lake, after the extraction of the edible salt, 
must result in a depreciation of tie quality of tie brine, which 
derives its salt from the upper layer of silt. A scheme for the removal 
of the sulphate, by taking advantage of the great range of tempera- 
ture that is available at Sambhar, was suggested by Holland ( 859 — 51 ,. 
147) in 1905. 

Tie process of manufacture in operation at Sambhar has been 
described by Conolly (849 — 2) and Ashton ( 44 , 120), and a descrip- 
tion of the lake and its surroundings has been given by Woodburn 
( 1960 ). The brine is evaporated by solar heat in shallow pans 
called Jcyors, until a point is reached when the solution is nearly* 
saturated with the sulphate of soda, tie chloride being then removed 
for sale. The average amount of salt sent annually from the laker 
during the five years 1909 to 1913, was 179,907 tons (B. 478). 

(^dhpur) 1 (27° 24' : 74° 38'). As described by 

Hacket ( 730 — 3 , 201), this salt lake is about 4 miles long by 
broad, and is quite dry in the hot season. The brine is obtained 
from wells about 6 ft. in diameter, sunk through the silt in the 
bed of the lake to a depth of about 15 ft. The bottom of the 
well is pierced by an iron-shod pole to a further depth of 2 or 3 ft. 
when the brine rises suddenly to witiin 4 ft. of the mouth of the 
well. The brine is evaporated by solar heat in the usual way 
(B. 480). 

Talodi (27° 17' : 72° 28'). No description of this salt source 
has been published. 

Pachpadba (25° 56' : 72° 13'). The manufacture of salt at this 
locality was described by Burnes (285 — 8) in 1833. Large pits or 
trenches are sunk in the bed of a depression, supposed to be a portion 
of an ancient bed of the river Luni. The salt was crystallised on 
the branches of a shrub called Murari, which were thrown into the 
brine and removed every third year. 

The average annual production from this source, during the five 
years 1909 to 1913, was 27,956 tons. 

UNITED PROVINCES. 

Clhazipur. — Salt was formerly manufactured in this district from 
brine obtained by lixiviating saline soil. According to Stephenson 
(1696 — 1), the crude salt was calcined with cowdung and again dis- 
solved and evaporated by solar heat. The crude product is said 
to contain 60 per cent, of salt. 
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Jalaun.— At Marhapur (26° 24' : 79° 33') salt was obtained 

from the damp sand of the Jumna R, Burt (242 — 2) gives a des- 
cription of the process of manufacture, and says that 80 lb. of sand 
produced 1 lb. of salt. The spots where saline sand is procurable 
are said to be indicated by swelling up as the brine is evaporated by 
the heat of the sun. 

SALTPETRE. 

Although India no longer possesses a virtual monopoly in the 
production of the world's supply of nitrates, the saltpetre industry 
still attains considerable proportions. As Holland (859 — 50, 86) 
has pointed out, the conditions necessary for the formation of salt- 
petre in a soil, viz , — supplies of nitrogenous organic matter ; climatic 
conditions favourable to the growth of nitrifying bacteria ; the 
presence of . potash ; and meteorological conditions suitable for the 
efflorescence of the potassium nitrate at the surface, — aro ideally 
present in the Bihar section of the Gangetic plain, where there is a 
dense population using wood and cowdung as fuel, accompanied by 
large numbers of domestic animals, and living in a climate where the 
mean temperature is 76° F., with a diurnal range not exceeding 8° 
above or below 84° F., and a humidity of over 80 per cent, (^ee ako 
Stephenson, 1690—5; Watt, 1908—4, 111; Hooper, M8— 3; 
Leather and JMukerji,, 1044). 

The description of the method of manufacturing saltpetre in 
Tirhut, as given in 1833 by Stevenson (1698 — 1), and by the later 
authorities noted above, differs in no essential respect from that 
given in 1665 by Thevenot, quoted in the first volume of the Philo- 
so'phical Transactions (1764). In November the efflorescent salt is 
scraped from' the surface of old mud heaps, mud buildings, and 
waste ground, and is collected in heaps at the factories by the luniyas 
or 'native maunfacturers, or shorawalas as they are called in northern 
India. The salts are lixiviated in basin-shaped clay filters, 6 to 
fi ft. in diameter, fitted with a false bottom of bamboo covered with 
grass mats. On these a layer of vegetable ashes is placed, and then 
the saline earth, which is trodden down till sufficiently firm to allow 
water to percolate slowly through the mass. The liquor is eva- 
porated in rows of earthen vessels to the crystallising point, and is 
then removed to shallow earthen dishes, sunk to the brim in soft 
earth, where crystallisation is finished in about 30 hours. The 
crystals are taken out, allowed to drain, and stored for sale. The 
mother liquor is mixed with a fresh supply from the filters and 
returned to the evaporating pans (B. 499). 
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The average composition of the saline earth, as determined by 
Stevenson, was KN03=0-7 : CaG03=44*3 : Na2S04=2-7 : NaCl 
»=1*4 : Ca!tT2OQ=0*9 : Insoluble matter =50*0 per cent. An average 
sample of the crude salt, taken from several hundredweight of good 
quality, yielded KN03=77*9 : Na2S04=9*l : NaCl=8-0 : In- 

soluble matter =5*0 per cent. The saltpetre is sold in its crude 
state and taken to refineries in Calcutta and elsewhere for purifica- 
tion before being exported. According to Ashton ( 44 , 135), there 
were 33,997 factories of crude salt at work during 1898-99, and 13 
refineries in Calcutta. 

The process of manufacture is practically the same for all parts 
of India. Por provinces other than Bihar and Orissa, particulars of 
the industry have been furnished by the following writers : — 


BURMA. 

Sliwebo. — Strover (1721, 14)i^ gives a list of localities situated in 
the ' dry zone ' of Upper Burma, at which saltpetre was manufac- 
tured under Burmese rule. The average outturn, about the year 
1873, is said to have been about 1,300 cwt. annually. . ' 

Shan States (S.).— Middleihiss (1219—22, 152) mentions the 

manufacture of saltpetre at Nam-t6k (19° 59' : 97° 1') from nitrate- 
impregnated earth gathered from beneath the stalagmitic floors of 
caverns. 


MADRAS. 

Anantapur. — ^Newbold (1294 — 16, 142) gives a brief description 
of the process of manufacture at Bellagupa (14° 43' : 77° 12'). 

Coimbatore.— Newbold (1294 — 45 , 773) states that saltpetre of 
excellent quality is extensively manufactured in the neighbourhood 
of Coimbatore (11° 0' : 77° 1'). 

Ountur. — ^Heyne (834 — 2, 312) gives a general account of the 
process of manufacture. A large village may produce from 45 to 
50 cwt. annually. At p. 234, Bellamkonda (16° 30' : 80° 5') is 
mentioned as one of the centres of the industry. 

Kurnool. — In the Kurnool Manual (676, 99) it is stated that salt- 
petre is manufactured in Maddikerai (15° 15' : 7’7° 29') and Marka- 
prR (15° 45': 79° 20'). 
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Madura. — ^Nelson (1286> 24) gives details of tlie process of manu- 
facture. The’ salt occurs abimdantly on tbe sites of old villages. 
From 450 to 670 cwt. were produced annually about tbe year 1868. 

Nellore.— Boswell (174, 67) gives a list of tbe Taluks in wbicb 
saltpetre is produced and describes tbe process of manufacture. Tbe 
■annual outturn might amount to about 120 cwt. i 

PUNJAB. 

Baden-Powell (60 — i, Vol. I, 79) and Warnford-Look (1889 — 1, 
121) ^ve general accounts of tbe saltpetre industry and describe 
tbe process of manufacture. Filtration is carried on until tbe liquor 
contains 2 or 3 per cent, of nitre, when it is evaporated in shallow 
iron pans. Tbe crude product contains from 45 to 70 per cent, of 
potassium nitrate. Tbe province is said to be capable of producing 
from 4,000 to 5,000 tons of saltpetre annually. 

UNITED PROVINCES.’ 

Palmer (1361) describes tbe changes in tbe soil by which nitre is 
produced. The brine was evaporated in earthenware pans exposed 
• to tbe sun and wind. 

Milburn (1224, Vol. II, 238) has given statistics of tbe produc- 
tion of saltpetre in India during the years 1755 to 1809, when tbe 
sale was a Government monopoly. The average annual export 
during the years 1791 to 1805 is estimated to have been 65,323 bags, 
or about 80,000 tons. Tbe average export for tbe years 1876 to 
1880 (Ball, 71 — 45 , 500) was 417,659 cwt. Since that time a gra- 
dual decline in the quantity exported set in, the average for tbe five 
years 1909 to 1913 being 331,498 cwt. In *1914 tbe export fell to 
285,156 cwt. ; but in 1915 there was a decided recovery, owing to 
the demand for saltpetre for the manufacture of explosives, to 
418,608 cwt. 

Considerable quantities of saltpetre are imported from Nepal. 
For the five years 1909 to 1915, the average amount imported annu- 
ally was 9,172 cwt. 

SAlHABSEirE see under BAEE MINERALS. 

.SANDSTONE see under BDILDINO MATERIALS. ^ 


SAPPHIRE see under GEM-STONES. 
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SCmST—SODA. 


SCHIST under BUILDING MATEBIALS. 

SELENITE GYPSUM. 

SERPENTINE ^66 under BUILDING MATEBIALS. 

SILVER see LEAD. 

SLATE under BUILDING MATERIALS. 

SOAPSTONE STEATITE. 

SODA. 

Reh. The saline efflorescence known as reh or hallar, which is 
commonly found on the surface of the soil in the drier parts of the 
Indian peninsula, is the only source, with one exception, of the in- 
digenous supply of carbonate of soda. The origin of rcA has been 
made the subject of much discussion, especially in connection with 
its deleterious efiect upon the productjive capacity of the soil, many 
tracts having been rendered unfit for cultivation by its growth within 
the last century. Full reports on this aspect of the question, and on 
the composition of the salts concerned, will be found in Vol. XLII 
of ' Selections from the Records of the Government of India " (30 ; 
216; 346 ; 1197—4; 1621; 1717—13; 1820—2; 1918), and in the 
‘ Agricultural Ledger ’ (520 ; 835 ; 1043 — 2 ; 1249 — i ; 1903—4) 

also in papers communicated to other publications by Center (295), 
Fulton (630), Medlicott (1197 — 55 ), Oliver (1332 — 2 ), and Ward (1888). 

The composition of the efflorescent salts varies considerably from 
place to place. Common salt and sulphate of soda are the most 
usual ingredients, but carbonate of soda is formed when no lime or 
magnesian salts are present in the soil. Nitrates are produced where 
the soil is charged with organic nitrogenous matter {see SALTPETRE).. 
The salts are partly introduced by river water, but probably the 
greater portion results from the decomposition of the mineral particles 
composing the soil itself by water charged with carbonic acid, and the 
rearrangement of the chemical constituents. Where the soil is of a 
clayey nature and insufficiently drained, and especially where the 
rainfall is deficient, the salts accumulate in the subsoil water, and if 
this lies near to the surface, are brought up by capillary action during 
the hot dry season, crystallising out as an efflorescence as the mois- 
ture evaporates. 
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The carbonate of soda, when present in sufficient quantity, was 
extracted by lixiviating the soil as in the preparation of saltpetre, 
and fractional crystalhsation. Center (295, 272) has pointed out 
that the natural mixture of sulphate and chloride of soda occurring 
in reh resembles the product of the first step in the conunercial manu- 
facture of soda from common salt, and that the salt cake obtained by 
evaporating the brine could be converted into soda by heating it 
with charcoal and kanhar (B. 496). 

The following occurrences of carbonate of soda have been speci- 
ally noted : — 

ADEN. 

Haines (786 — i) states that carbonate of soda is to b.e found in 
unlimited quantities along the coast for 10 miles to the E. of Aden. 
It is accumulated in hollows beyond high water mark, into which sea 
water percolates through the limestone pebbles forming the beach. 
• The crude salt contains: — Na2CO3=51-05 : NaCl=24-94: H20= 
19-66 per cent., with traces of sulphate of soda and magnesium 
chloride. 

BIHAR AND ORISSA. 

Martin (1181, Vol. I, 272) mentions the occuiTcnce of an alkaline 
efflorescence at several places in the southern part of the Bihar 
division. The most extensive deposits were seen to the S. of Nawada 
(24° 531 : 85° 37') and in Shbkhpuea, (26° 8' : 86° 65'). 


BOMBAY. 

(■ujarat. — The manufacture of alkali from saline earth found in 
parts of Gujarat is mentioned by Hove (873, 122). 


Poona.— Sykes (1736—1, 426) mentions the occurrence of carbo- 
nate of soda at Sirur (18° 50' : 74° 24') and Loni Kalbhae (18° 29 
74° 5' 30"). 

CENTRAL INDIA AOENCY. 


(Malwa)/’ — (1701—^1) has recorded the occurrence of 

carbonate of soda on the margins of pools in the bed of the Chambal 
B., where it traverses basaltic rocks at its junction near PiPLAtrDA 
(23° 21' 30" : 75° 29') with the Chamla (B. 496). 


CENTRAL PROVINCES. 

Buldaua. — ^L onar (19° 59' : 76° 35'). The water of a shallow lake 
covering a portion of the floor of a circular crateriform hollow, 300 ft. 
in depth and about a mile in diameter, in the basaltic plateau surround- 
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ing tke village of Xionar, contains a large proportion of tlic carbo- 
nates of soda, wliicli crystallise out on the drying up of the lake 
during the hot season, and are used in the manufacture of glass and 
soap. The physical aspects of the lake and its surroundings . have 
been described by Alexander (22 — i), Malcolmson (1158 — 5; — 8,562), 
Bradley (187 — 4), and Smith ( 1658 ). The origin of the hollow is pro- 
bably to be attributed to volcanic action of some kind, but it has not 
yet been satisfactorily explained. According to the various theories 
proposed, it may be either the crater of an extinct volcano (Bradley, 
I. c. ; Buist, 228 — 16, xiv ; Smith, Z. c. ) ; or it may be due to a 
-single paroxysmal explosion (Blanford, 148 — 21, 63; Oldham, 1324 
— 41, 19 ; — 68, 147) ; or to the collapse of the central portion of a 
large " blister,' elevated by the inrush from below of vapour or molten 
lava (Orlebar, 1341 — l, 37 ; Newbold, 1294 — 38, 40 ; La Touche, 
1038 , .272). Ball (71 — 46, 493) has suggested a non-volcanic origin, 
mz„ a subsidence caused .by the falling in of a cavern supposed to 
have existed in the Lameta limestone, which, at certain places is 
found cropping out from beneath the basaltic flows. . 

Analyses of the lake brine have been made by Alexander (?. cl), 
Reynolds ( 1476 ), Mayer (1198 — 3), Wallace ( 1876 ), Flymen {Indian 
Trade Journal, Yo\. XIV, 228), and lastly by Christie (314 — l). Six 
varieties of salt are collected from the bed of the lake as the water 
evaporates during the hot season, each containing the following 
percentage of soda, according to Flymen : — 


— 

BhusTcL 

Pap-i. 

Khap})aL 

JDalla. 

Dalla 

Nimah, 

Nimah 

Balia. 

NagCOs . 

. 

i 

32*72 

23*19 

24*09 

46*90 

33*05 

11*67 

NaHCOs . 

. 

27*63 

17*21 

18*18 

33*18 

26*09 

8*68 

mcl 


3*35 

41*99 

37*46 


24*25 

71*11 


The ratio of carbonate to bicarbonate corresponds very closely 
to that of the compound urao occurring in other soda lakes. 

Christie estimated that in March, 1910, when the maximum 
depth of the lake was 2 ft., the water contained about 2,000 metric 
tons of sodium carbonate, and that the upper layer of lake mud, to a 
depth of 1*5 metre, would contain about 4,600 tons. Suggestions 
are put forward in his paper for the economical extraction of the 
soda salts, and the origin of the salts is discussed. 
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Smith., writing in 1856, says that the lake had not been regularly- 
worked since 18S6, when the output was about 460 tons of soda. 
IDuring the five years 1909 to 1913, the total amount of soda salts 
produced is estimated at 446J tons (363, 289). 

Wardlia. — ^Wilkinson (1933, 291) mentions a deposit of reh at 
Paunar (20° 47' : 78° 44'). The efflorescence is collected and used, 
for washing clothes and making soap. 

HYDERABAD. 

Walker (1868 — 6, 187) says that an efflorescence of carbonate of 
soda is found at many places in the northern and eastern districts^ 
of the State, and is used by washermen and glass makers. 

MADRAS. 

Cuddapali. — Malcolmson (1158 — 2) describes a well at Gandikot 
(14° 49' : 78° 20' 30"), the water of which is alkaline and is used for 
fixing the colours in cloth. He also alludes to the use of efflorescent 
salts for glass making. 

Salem. — Campbell (272 — 6) has given a description of the soda 
soils in tract known as the Baramahal, an elevated plain in the 
N. W. pomon of the district. The efflorescence occurs in patches of 
about half a mile square, lying on beds of hanlcar. The crude salt 
is obtained by lixiviating the soil and sprinkling the brine on layers 
of cowdung, which are dried in the sun. It contains about 75 per 
cent, of carbonate, with 23 per cent, of insoluble matter, and small, 
quantities of common salt and sulphate of soda (B. 493). 

MYSORE. 

Cliitaldroog.— About 21 1 tons of soda are manufactured annually 
from saline earth at Anivala (13° 49' 30" : 76° 14'), according to 
Sambasiva Iyer (1548—7, 255). The process is similar to that 
practised in the Salem district, Madras. 

Mysore. — Sambasiva Iyer (1548 — ll, 40) says that soda earth 
occurs extensively in the Mandya (12° 32' : 76° 57') Taluk. A' 
sample was found to contain 66 per cent, of sodium carbonate. 
About 120 tons are marketed annually. 

UNITED PROVINCES. 

Hill (837) has published analyses of ' reh salts from the tracts 
lying between the Jumna and Ganges rivers. Hone of the samples 
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examined contained less, than 88 per cent, of sodium carbonate. 
The percentage composition of samples from four districts was: — 

-.n 


M 

Pbrtab- 

GARH. 

Benares. 

Mibza- 

PUB. 

Allahabad. 

Trans- 

Ganges. 

Trans- 

Jumna. 

Percentage of soluble salts , 


m 

16-6 

e-3 

6-5 

Na^COs .... 

95-03 

95-08 

88-90 

94-38 

94-80 

Naa .... 

3-39 

4-40 


1-21 

1-75 

Na^SOi . 

•• 

•• 

9-34 

4-12 

3-02 


SPINEL see unier GEM-STONES. 

STEATITE ani POTSTONE. 

Talcose schist or pbtstone is widely distributed among the crys- 
talline rocks of India, and is quarried at many places to be fashioned 
into bowls, plates, and other utensils, which are much esteemed by 
high caste Hindus because they can be purified after use by fire, and 
do not communicate an unpleasant taste to the food. Chloritic 
schists are occasionally turned to the same purpose, but are liable 
to fly to pieces when heated. The more compact forms of the 
mineral, soapstone or steatite, are carved into idols and ornamental 
articles, such as the delicately cut models of the Taj Mahal sold to 
tourists at Agra ; or, when of sufficiently fine texture and free from 
grit, are exported to be made into gas burners, or for other purposes 
to which ‘ French chalk ' is applied. A series of tests on samples 
from various localities was carried out by Mallet (1159 — 51) in 1889, 
and in the following year a note on the specimens selected and sent 
to England for practical trial was drawn up by Eoyle ( 1630 ), who 
jj^r^ported that a sample from Maddavaram (15° 30' : 78° 9') in Kur- 
nool had been found by Messrs. Sugg & Co. to be suitable for the 
manufacture of gas burners. 

The average annual production of steatite in India, so far as 
returns are available, amounted to 1,011 tons during the five years 
1909 to 1913. The amounts produced in 1914 and 1915 were prac- 
tically the same. 
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AFGHANISTAN. 

Medlicott (1197 — 66), notes ttat specimens of fine white steatite 
are included in a collection of rocks from the flanks of Sikabam 
(31° 2' : 69° 58'), the highest peak of the Safed Koh (B. 414). 

BENGAL. 

Miduapore. — Blanford (148 — 2, 278) says that chloritic and ser- 
pentinous beds occurring among the gneissose rocks in the southern 
part of the district are largely used as potstoncsj or for fine carved 
work in the temples (B. 411). 


BHUTAN. 

Godwin- Austen (669 — lo, 121) and Mallet (1159 — 6, 36) mention 
the occurrence of fragments of pure soft steatite among slates in a 
ravine at Balla (26° 53': 89° 25'), on the left bank of theTursa B. 
The mineral has not been found in situ (B. 445). 

BIHAR AND ORISSA. 

Cuttack. — Stirling (1706, 179) states that potstoiie occurs in abun- 
dance among the Nilqiei hills in the N. E. portion of the district, 
and in the adjoining sub-State of Kcoujhar, but does not mention 
any precise localities. It has been largely used in the decoration 
of the temples in Orissa (B. 441). 

Gaya. — Sherwill (1626 — 4, 59 ; — 6, 18) says that a dark blue 
variety of potstonc is quarried from some small hills lying between 
the Rajghir and Barabar hills, and is fashioned into utensils at Gaya. 
A small quantity was also quarried from the Beahmjxjki hill, 
close to Gaya (B. 441). 

llanblium. — Magnesian schists are of common occurrence among 
the sub-metamojphic (Dharwarian) rocks traversing the southern 
part of the district, and are quarried and turned on rude lathes into 
cups, etc. Voysey (1863 — 7, 862) mentions a manufactory of cups 
from potstone at Narsinghpur (22° 45' : 86° 30'), and Ball (71 — 40, 
111) gives a list of 17 villages where quarries of potstone were situ- 
ated, lying between Mutgoda (22° 47' : 86° 58') and Moisara (23° 3' 
30" : 86° 3'), Potstone also occurs at a few localities among the 
metamoiphic rocks, and some masses are ass’oeiated with intrusive 
basic rocks. Compact steatite is not known to occur in the district 
v(B. 442). 
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MayurlbhaD}. — Potstones, resulting generally from the decomposi- 
tion of dioritic-looking rocks, are found at several places, according 
to- Bose (173—20, 173). The folio-wing occurrences are note-worthy: — 

Three miles to the W. of Gurgusia, in the neighbourhood of 
SiMLiPAHAE (21° 52' 86° 27'). 

NxjijJNGi, 5 miles to the W. of Balbia (21° 58' : 86° ll'). Uten- 
sils made here are said to find a ready sale in Baripada, the capital 
of the State. 

Tiring (22° 31' : 86° 8'), on the Dhalbhum border. 

An output of 60 tons of steatite from this State is recorded in 
1914, and of 50 tons in 1916. 

Shahabad. — Sherwill (1625 — 5, 285) says that potstouo of fine 
quahty is quarried at Piteean(I), on the northern border of the 
Kaimur plateau, and is exported to Benares. 

Singhbhnm. — Potstone occurs at several places under the same 
conditions as in the adjoining district of Manbhum. According to 
Haughton (786 — i, 117), the best quahty is worked at Dubeajptir 
( 22° 34' ; 86° 5'). Ball (71 — 46, 148) gives a list of -villages at which - 
quarries are and had been opened. Those boing worked were : — 

Belaipahari (22° 49' 30" : 86° 22'). Old workings very exten- 
sive, many being 60 ft. deep. 

Dari (22° 41' : 86° 15'). Potstone occurs in distinct beds, with a 
northerly dip of SO degrees. Shafts are numerous and generally 
from 20 to 30 ft. deep. The stone is soft and easily worked. 

Tikri, to the N. of Ghatsila (22° 34' 30" : 86° 33'). There are 
said to be about 100 more or less extensive quarries close to the village. 
The other locahties mentioned are : — 

Domapal (22° 27' : 86° 36'). 

Mutiagaea and Sibeshar (22° 36' 30" : 86° 27'). 

Kgraikela (22° 42' 30" : 85° 36'). 

Palakuoha (22° 36' : 86° 4'). 

Tilaijhor (22° 35' ; 86° 18')— (B. 442). 

BOMBAY. 

Dliarwar.— Christie (313 — i. 111) says that potstone is said to- 
occur among schists in the S. E. part of the district. Besides being 
used for making" cups, etc., it is mixed -with hme to form plaster- 
which is capable- of taking a high pohsh. 

Idar. — ^An extensive bed of steatite of good quahty was discovered, 
by Middlemiss (1219—30) in 1911 bet-Vv-een the villages of Dev Mori 
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and Ktjndol (23° 39' : 73° 28'). The outcrop extends for more 
than a mile, with a width of over 200 ft., and practically vertical 
dip. The steatite is finely schistose in texture, of pale blue grey 
or pinkish grey colour by reflected light, and moderately hard. It 
is feee from foreign material and can be easily cut into' slabs and 
pencils. A softer, cream coloured variety also occnis, and harder 
bands that could be carved into durable ornaments. The quantity 
available to a depth of ,20 ft. is estimated at over 2 million tons. 

Beds of similar steatite, about 10 ft. iii thickness, were also found 
to the N. W. of Ghanta (23° 36' : 73° 26'). The outcrop extends for 
about 30 yards along the bed of a stream. 

Ratoagiri. — Aytoun (81—3, 82) mentions a quarry, in potstone 
at Asgani (16° 13' ; 73° 40' 30"), 10 miles from the sea coast at 
Malvan. Thick veins of talc were observed by Gibson (664 — 2, 143) 
cropping out in several places from beneath the covering of laterite. 
The stone was shaped into cooking utensils, etc. 

BURMA. 

Steatite is found in many places in association with masses of 
serpentine intrusive in the ‘ Chin shales ’ or ‘ Axial group ’ of the 
Arakan Yoma. Its mode of occurrence has been described by 
Theobald (1768 — 12, 43 ; — 16, 336), who states that it is not con- 
fined to the serpentines, but that it is found also in the altered rocks 
along the margin of the intrusions. The following occurrences have 
been specially noted: — 

fiyanhpyu. — The steatite mines situated between 3 and 4 days" 
journey (about 30 miles) to the W. of Hpa-aing (20° 15' : 94° 23') in 
the Minbu district have been described in detail by Hayden (798 — 2). 
The steatite occurs in thin veins, expanding in places to 8 or 9 inches 
in width, ramifying through dark green serpentine, and liable to 
thin out and disappear at any moment. About 26 pits had been 
opened, of which four were in operation at the time of Hayden'’s 
visit. The passages are extremely narrow and tortuous, with no 
attempt at ventilation. A sample from this locality tested by 
Mallet (1159 — 6i, 67) was of good quality, pale green in polour and 
compact, and cut freely. 

Mallet also menfions { 1 . c., 66) steatite mines at MviNGADfi hill 
(not shown on the map) in this district. A sample was similar in 
quality to that from the mines W. of Hpa-aing, but was contaminated 
with ferruginous impurity, , 
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STEATITE and POTSTONE. 


Miiibu. — An occurrence of steatite in serpentine near Senlan (19® 
64' : 94® 23' 30"), discovered in 1895, kas been recorded by Hayden 
(793 — 2, 73). The steatite bere is procurable in blocks balf a cubic 
foot in size, and is said to be of good quality. 

Prome. — Theobald (1763 — 12, 43) has described the occurrence 
of steatite at Shinbaian hill (18® 57' : 94° 56'). The mineral is said 
to be found in regular layers from 6 ins. to a foot in thickness, or in 
nodules enveloped in a matrix of fibrous quartz. ^ 

Sandoway. — Steatite is described by Theobald (1763 — 16, 338) as 
occurring on a low hill about 3 miles to the N. W. of Sanboway (18® 
28' : 94° 24') .in veins of fibrous quartz traversing shales and con- 
glomerates. A small quantity of the mineral had been extracted, 
but only small pieces could be obtained of the, .fine quality used for 
writing purposes. 

The production of steatite in Burma amounted on the average to 
10 tons annually during the four years 1909 to 1912. Some of this 
output is said to have come from the Myitkyina district and the 
Pakokku Hill Tracts (862, 292), but no account of the occurrence of 
steatite in those districts has been published* Since the year 1912 
the production appears to have ceased, probably because the use of 
steatite pencils, formerly universal in Burma, has been superseded 
by pen and paper. 


CENTRAL PROVINCES. 

Bhaudara. — Hislop and Hunter (843, 380) note the occurrence of 
light coloured varieties of potstohe at Biroli (21® 24' : 79® 54')' and 
Dini, near Rampaili (21® 40' : 80® 4'). Pure white steatitic schist 
occurs at Kaneri (21® 2' : 80° 10' 30") and other localities to the E. 
of the Wainganga R. (B. 443). 

A sample from Kaneri tested by Mallet (1159 — 51, 64) was of a 
buff colour, crystalline in texture, and’ intersected by occasional 
thin veins of crystallised talc along which the stone breaks easily. 

Chanda. — An extensive development of dark coloured potstoiie 
with a metallic lustre, at Jambal Ghat (20° 33' : 79° 31') is mentioned 
by Hislop and Hunter (843, 380). The stone from this locality is 
said to have been specially reserved by the Mahratta authorities for 
carving into idols (B. 443). 

Jfuhbulpore. — The occurrence of beds of talcose schist and steatite 
in a series of calcareous schists on the north side of the Narbada R. at 
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tlie ‘ Maeble Rocks ’ (23° 7' : 79° 52') was recorded by Medlicott 
(1199 — 3 , 137) in 1860. According to Fermor (577 — 33 , 263), the 
steatite forms pockets in the dolomite of the gorge. A sample from 
this locality examined by Mallet (1159 — 61, 64) was white with . 
pale reddish blotches, and somewhat schistose. It cut very freely 
into shces with the foliation, but with difficulty across it. 

The deposits are now being worked by Messrs. P. C. Dutt and by 
Messrs. Burn & Co. Concessions on the south side of the river at 
Gowaei (23° 6' : 79° 68') and Lalptje (23° 1 ' : 79° 61') have also been 
taken up by the Bombay Mining & Prospecting Syndicate (862, 
;.291). The average quantity raised annually during the five years 
1909 to 1913 was 476 tons. The figures for the years 1914 and 1915 
were 502 and 329 tons respectively. 

Yeotmal. — In the Berar Gazetteer (1107, 27), Lyall states that 
soapstone of .fine grain and susceptible of a good polish is plentiful 
within a few miles of the town of Wun (20° 3' : 79° 1') — (B. 443). 

HYDERABAD. 

Heyne (884; — 2, 272) mentions the use of steatite for writing on 
wooden tablets, which were prepared by rubbing over with the 
juice of green leaves. When powdered it was used for imparting a 
gloss to the surface of fine plaster. The steatite was obtained from a 
place called AnanegabAd (B. 441). • 

Warangal. — Walker (1868 — 4, 222 ; — 6, 187) says that a coarse 
variety of steatite is frequently met with in this district. It was 
quarried and shaped into vessels at Dambnapilli (? 17° 45' : 79° 35') 
in the Vizianagar pargana, and at Sirkilla (18° 23' : 78° 63') and 
Maitpalli (?) in Aigundel. 

MADRAS. 

Anantapiir. — Newbold (1294 — 16 , 141) mentions that potstone is 
said to be quarried at Reborpili,! (?Rbdi)IPIlli, 14° 43' : 77° 45'). 

Among the samples tested by Mallet (1159 — 61, 62) was one from 
Narjampalli (14° 33' : 78° 5'). It was of good quality, cutting very 
freely, compact and free from grit. It is said to be procmrable in 
abundance. 

Arcot (N.). — A sample of steatite from Pathur (13° 15' : 79° 4' 
30") was among those tested by Mallet "(1159 — 61, 63). It was pale 
green in colom and nearly compact in structure, but traversed by 
thin veins of ciystallised talc which render it brittle. The specimen 
was free from gi’it and rather hard to cut. 
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' Bellary. — Potstone occurs in several parts of the district, accord- 
ing to Foote (596 — 39 , 203), and has been largely used in the decora- 
tion of the temples. The most extensive deposit forms Nilgunda 
Hill (14° 44' : 76° 57'), and extends for 3 miles or more to the 
southward. A disused quarry of good grey potstone was seen at 
Angur (14° 57' 30" : 75° 49') on the Tangabhadra B. ; and unworked 
bands about a mile to the W. of Harappanhalli (14° 48': 76° 2' 30"),. 
as well as a mass of rather coarse stone forming Arsapur hill (14° 
40' : 76° 6'). On a low rise to the N. of this hill are several pits, 
from which greenish grey steatite of good quality was, raised and 
shaped into bowls and platters. A similaf stone was quarried for 
the same purpose at Somalapuram (15° 2' : 76° 34'). Samples from 
this locality tested by Mallet (1159 — 61 , 62) were pale green in colour,, 
somewhat crystalline in structure, and cut freely. Two of the 
samples were free from grit. 

Outputs of 25 and 28 tons were reported from this district in 
1914 and 1915 respectively. 

Coimbatore. — ^Two samples of steatite from the Kollegal Talui:^. 
one of which came from Edamaranahalli (12° 5' 30" : 77° 26' 30")„ 
were pronounced by Mallet (1169 — 61, 63) to be rather gritty, but 

easily cut.* Both samples were finely crystalline. 

« 

Kurnool. — ^Dhone (15° 23' 30": 77° 56'). Newbold (1294 — 61 
478) mentions the occurrence of beds of steatite of fine quality near- 
the village. It was used in some quantity for making pencils. 

Maddavaram (15° 30' : 78° 9'). The occurrence near this place 
of thin layers of steatite among the shales of the Paupaghni group, 
or lowest member of the Cuddapah series, was noticed by King 
(987 — 7, 166) in 1872. The stone was quarried and made into 
pencils, paper weights, etc:, at Kurnool. The quarries are said to 
cover a square mile in area. Some of the samples tested by Mallet 
(1159 — 61, 61) were of excellent quality, and were pronounced by 
experts in London {see Boyle, 15S0) to be superior to any others sent 
from India. Bang (987 — 48 , 2) remarks that the steatite' beds are 
not more than 3 or 4 inches in thickness, and that blocks of the size- 
required, 6 ins. cube, are not obtainable. 

After thorough prospecting of the deposits • here and at Musila 
Chbruvu, near Betamcherla (15° 27': 78° 13'), a mining lease 
was secured by Mr. A, Ghose in 1912, and a market for the steatite- 
was obtained in America. The output in 1913 amounted to 545 
tons, and in 1914 to 210 tons. No returns appear to have been, 
received for the year 1915 (862, 292). 
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Pendekalltj (15“ 22' 30" : 77* 41'). Steatite quarries are said 
to be situated 7 miles from the railway station, and to cover an “ 
area of 10 acres. A sample tested by Mallet (1159 — 61, 62) was pale 
green in colour, and very slightly crystalline in structure. It was 
soft, easily cut, and free from grit. 

In addition to these localities, steatite is mentioned in the Kuinool 
Manual (675, 97) as occurring at the villages of Ambaptoam and 
Balapalapalii, both of which are situated near Betamcherla. 

Nellore. — A small production of steatite, amounting on the average 
to about 40 tons annually during the years 1913 to 1915, is recorded 
from this district. C, M. Oldham {see King, 987 — 17, 163) noted 
the occurrence . at Jogipalli (14° 13' 30" : 79° 47' 30") of highly 
talcose gneiss, which was quarried to a small extent and worked 
into small pots, figures, etc. Talcose schists are said (p. 134) to be 
well developed in a belt of schistose gneisses, exposed on the south 
side of the Pennair R. from Kalxjvaya (14° 31' : 79° 28') to Saida- 
PXJEAM (14° 11' : 79° 48'). 

Salem. — King and Foote (988, 324) mention a bed of steatite 
which crosses the Ishwaramalai, and is largely worked at Tandagxtn- 
DAPALAiYAM (Tandakavonban-palaiyam, 11° 33' 30" : 78° 27'), on 
the western side .of the hill, where great quantities of utensils were 
being made. Specimens from this locality tested by Mallet. (1169 — 61, 
63) were pale grey in colour and rather gritty, containing disseminated 
crystals of dolomite and chlorite. 

Campbell (272—17, 213) and Le Fanu (1048, Vol. I, 103) also 
mention the occurrence of extensive beds of potstone in this 
district. In addition to the locality noted above, Eeumaipatti (11° 
9': 78° 21'), Kaeuppue (11° 43': 78° 9'), and Shoeaoamalli (? 
SuEAMANOALAM, 11° 40' : 78° 10') are specially mentioned (B. 440). 

South Kanara.— A sample of steatite from MANAVAiixfi (12° 47' : 
76° 26' 30"), tested by Mallet (1169-^61, 63), was pale buflE in colour 
with reddish specks in places, and schistose in structure. It was 
free from grit, cutting easily in slices parallel tp the foliation, but not 
.across it. The quarries are said to cover 600 sq. yards. 

Trichinopoly. — Muzzy (1278, 92) states that an extensive bed of 
potstone occurs between Musiei (10° 67' : 78° 30') and Kannaitoe 
( 11° 5' : 78° 36'), and is quarried to be made into cooking utensils. 

Vizagapatani. — Outcrops of coarse grey potstone were observed, 
by Walker (1872 — 2, 168) at numerous places to the W. and S. W. of * 
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Jbtpoee (18° 51' : 82° 38'). It is worked near Noapue and Onta- 
GAON, about 3 miles from Jeypore, for building purposes and carving 
into idols. It occurs also on the Ramgiri road near Modpodob (18° 
46' 30" : 82° 23'). The largest masses were seen on the Malkongiri 
road, 6 miles beyond Kolas (18° 42' : 82° 26' 30"). Here the potstone 
alternates with quartzites and well foliated biotit^ gneisses. 

MYSORE. 

Chitaldroog. — A ndantje (14° 13' 30" : 76° 9'). The quarrying of 
potstone at this place is described by Sambasiva Iyer (154.8 — 7, 266). 
The stpne is mainly used for making water troughs for cattle. 

UoHiNGi Deug (14° 46' : 76° 51'). A band of coarse potstone is 
described by Foote (896 — 39, 34, 90) as occurrring between the grani- 
toid gneiss forming the mass of UcMngi Drug and a narrow band of 
Dharwar rocks on the eastern side of the hill. The potstone contains 
numerous crystals of greenish white talc. 

Hassan. — Halebid (13° 13' : 76° 3'). Large quarries of potstone- 
at this place are mentioned by Foote ( 596 — 46 , 72), who calls special* 
attention to the value of the material as a decorative building stone 
{see also Newbold, 1294 — 20, 19) — (B. 440). 

Kadur. — S akkaeepatna (13° 26' : 75° 59'). Potstone is quarried 
on a large scale here, according to Primrose (1431 — 8, 221), to be- 
made into cooking utensils. 

Mysore. — Primrose (1431 — 9, 156) has recorded the occurrence of. 
two masses of potstone in the district : — 

(1) To the S. of Musanbayahthalli (12° 24' : 76° 23'). The stone 
is of good quahty, and has been used in the decoration of the Palace 
at Mysore. 

(2) A quarter of a mile N. of Taltje (12° 12' : 76° 40'). The- 
outcrop covers a considerable area, but the stone is uneven in qua- 
lity. 

Shimoga. — Potstone quarries at Kavaledxjega (13° 43' : 75° 12')' 
are mentioned by Sambasiva Iyer (1548 — 7, 256). 

RAJPUTANA. 

laipur. — Samples of, steatite from the following localities were 
among those tested by Mallet (11^ — 81, 64). The occurrences in. 
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the field have recently been examined by Heron (see Hayden, 
793—28, 21) 

(1) Dogetha (27° 7' 30" : 76° 20'), 2J miles to the N. E. of Raialo. 
Colour milk-white or faintly tinged with green; cuts very freely. 
The deposit is quite structureless, and is excavated over a width of 
30 yards, along a length of 50 or 60 yards. Pieces up to a foot in 
len^h can be extracted. 

(2) Gisgarh (26° 53' : 76° 42'). Colour green ; highly schistose 
in structure, and rather gritty in cutting. The bed is about 2 ft. 
thick. Slabs of large size are obtainable, but not more than 3 ins. 
thick. 

(3) Morra (26° 48' 30" : 76° 52' 30"). Colour pale green ; very 
finely crystalline and somewhat schistose in structme. Cuts easily 
parallel to the foliation, but with difficulty across it. The deposit 
extends for 5 miles, the steatite occurring in pockets concentrated 
from talcose schists. One of the beds measures 25 ft. in thickness. 
According to Hacket (730 — 4, 250), the stone of which models of the 
Taj Mahal and ornamental carvings are made at Delhi and Agra 
comes from this locality (B. 443). 

Traces of steatite were also observed by Heron in a well at Kawa 
(26° 46': 76' 34'). 


UNITED PROVINCES. 

Almora. — A deserted steatite mine, situated about 4 miles to the 
S. of Bagesar ( 29° 50' 30" : 79° 50'), is mentioned by Madden (1151 — 
2, 230). The occurrence of soapstone at this locality was also 
noted by Hughes (890, 183). The mineral is said to occur in large 
detached masses. 

Madden (1151 — 3 , 596) has recorded the occurrence of steatite 
near the summit of Thakil hill (29° 30' 30" : 80° 16') near Pithora- 
garh. The steatite is said to bo of good quality. 

Oarhwal. — The occurrence of a white saponaceous stone at many 
places in Garhwal is mentioned by Traill (1797 — 3 , 159), but nO' 
definite locality is specified. The stone is said to be turned into 
cups, etc., but being rather brittle, it is little used. 

An average annual production of 160 tons of steatite was recorded, 
during the five years 1910 to 1914, from the districts of Hamlrpur 
and .lhaiisl. No description of these deposits has yet been published. 


STBOimUM see under SULPHATES. 
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SULPHATES— COPPER. 


RAJPUTANA. 

Jaipur. — Blue vitriol, or sulphate of copper, has been manufac- 
tured for many years as a bye-product in the preparation of alum at 
the copper mines of Khetri (28° 0' : 75° 51') and Singhana (28° 
6' : 76° 64'). The process has been fully described by Brooke (203, 
— 2, 625)., The shale from the mines, mixed with the efflorescent 
crust that forms on the refuse heaps of previous lixiviations, is 
steeped in water. The liquor is then boiled, and when sufficiently 
concentrated sticks are introduced, on which the blue vitriol crys- 
tallises. The outturn is said to be about 8 lb. of sulphate from about 
10 cwt. of the mixed shale and refuse. Heron, who visited the mines 
in 1913 {see Hayden, 793 — 31 , 19), says that although the produc- 
tion of copper has ceased, the manufacture of alum and of copper and 
ferrous sulphates is still carried on (B. 431). 

IRON. 

BALUCHISTAN. 

Jhala wan.— Hooper (868 — 2) has described specimens of melan- 
terlte or copperas from Jhalawan, where it occurs in several places as 
an efflorescence on pyritous shales, and is used in dyeing in con- 
junction with pomegranate husk to produce black or deep gceen 
colours. Samples from the Ladon pass and Kil Chotok’, in the 
neighbourhood of Khozdar (27° 49' : 66° 37'), contained 30*1 and 
27*36 per cent, of anhydrous ferrous sulphate respectively, with 
about 4 per cent, of alumina and 3 per cent, of sulphate of lime. 

Vredenburg (1864—1, 278) has described a series of andesitic 
lavas and tuffs in the neighbourhood of the extinct volcano Koh-i- 
SuLTAN (29° 10' : 02° 45'), which have been altered by solfataric 
action into lithomargic clays, some of which,, known locally as male 
or girit of a pale yellow colour, contain sulphates of iron and alumina. 
The iron salts are used in combination with certain vegetable subs- 
tances and alum to form dyes of various colours. 

Zhob. — Hutton (900 — 8, 597) says that sulphate of iron is 
brought from the Kakar district, lying to the north of the Zhob 
valley. It was used for watering and polishing the blades of swords. 

BIHAR AND ORISSA. 

Shahabad. — Sherwill (1625 — 5 , 284) and Mallet (1159 — 3, 121) 
mention the occurrence of an efflorescence of sulphate of iron on the 
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surface of tte black pyritous Bijaigark shales, exposed at the base 
of the scarps of Kaimur sandstone in the neighbourhood of Rohtas- 
GAEH (24® 38' : 83® 68'). A sample of the crude salt, purchased in 
the Patna bazaar and analysed by Stevenson (1698 — 3), contained 
39 per cent, of sulphate of iron, 36 per cent, of iron peroxide, and 23 
per cent, of magnesia. It was used by the native dyers (B. 419). 

BURMA. 

Amherst. — A copious efflorescence of sulphate of iron on the 
.surface of beds of lignite exposed near the source of the Ataxan E. 
is mentioned by O'Riley (1340 — 2, 395). 

Hfyingyan. — Pascoe (1369 — l, 249) mentions the occurrence of an 
efflorescence of ferrous sulphate, mixed with ferric sulphate, on 
moist porous Miocene sand exposed in the Kyaung Ma, near Sattein 
(21° 3' : 95® 19'). The compound salts are used by the Burmese for 
medicinal purposes. 

PUNJAB. 

Miaiiwali. — Shales containing ferrous sulphate and alumina, asso- 
ciated with alum shales exposed in the Chitta Wahan, near Garhi 
or Pai Khel (32® .47' : 71® 38' 30"), are mentioned by Wynne (1976— 
18, 302). According to Baden-Powell (60 — l, Vol. I, 66), the shale 
is steeped in the mother liq[uor from which alum has crystallised, 
and is then spread out to .dry in the sun. The process is repeated, 
and the efflorescent salt, called TcaTii, is used for dyeing leather or 
cloth grey or black. 

UNITED PROVINCES. 

Almora. — Herbert (827 — 6, 229) says that an efflorescence of 
sulphate of iron occurs abundantly at the hot springs in the valleys of 
the Ramganga and Garjia rivers. 

Mirzapur. — Sulphate of iron occurs in a ravine at Umlah Ghat 
(24® 32' : 83® 19') under the same conditions as near Eohtasgarh, in 
the neighbouring district of Shahabad. Osborne (1345, 844) men- 
tions a Icasis (copperas) mine at this locality. 

MAGNESIDH. 

BENGAL. 

McClelland (1117 — 24, 256) gives directions for the preparation 
of Epsom salts from the bittern or mother liquor produced at salt 
works in the Calcutta Salt Agency. The bittern is said to contain 
4-8 per cent, of magnesium chloride. 
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MADRAS. 

Salem. — ^An experiment in the preparation of Epsom salts from. 
Salem magnesite is described by McClelland (1117—28). It was 
found that 381b. of the calcined magnesia would yield 144 (? 114) 
lb. of the sulphate. 

PUNJAB. 

Jhelum. — A lenticular bed containing potash salts associated with 
kieserite,— hydrous sulphate of noagnesia, — ^was discovered by Warth 
(1892 — 8, 408) in the Mayo Salt Mines at Khewba (32° 39' 30" : 73° 
V). The kieserite, according to Tschermak (1808 — 7, 136), occurs in 
grains with a maximum diameter of 12mm., and in places appears to 
be compact. Two specimens analysed by Tween (see Wynne, 1975 — 18, 
80) yielded 7-78 and 58*02 per cent, of magnesium sulphate respec- 
tively (B. 437). 

Other occurrences of the same nature in these mines have been 
described by Christie (314—4, 243). 

Kangra. — A copious efflorescence of sulphate of magnesia was 
observed by Mallet (1159 — i, 160) on the surface of the black pyritous 
slates from which the gypsum deposits near Shalkar (32° 0' : 78° 
37') and other localities in Lower Spiti have been derived (B. 437). 

SODIUM. 

BIHAR AND ORISSA. 

The saline efflorescence known as rek or kallar (see SODA) usually 
contains a considerable proportion of sulphate of soda or Glauber's 
salt. Specimens from Tirhut analysed by Stephenson (1696 — 2) 
yielded 58 per cent,, and from Cawnpore, analysed by Spry (1687 — 
1), 60 per cent, of this salt. Watt (1903 — 4, 135) has given a brief 
account of the method of preparing Glauber's salt by lixiviation and 
evaporation of the efflorescence (B. 495). 

An averag^e annual output of 17,731 tons of sodium sulphate, 
obtained as a bye-product in the manufacture of saltpetre, is in- 
cluded in the returns from the districts of Chaiiiparan, Mozafiarpur, 
and Satan, during the years 1908 to 1913. 

BURMA. 

Shan States (IS .), — The water of the saline well at Bawoyo (22° 
35': 97° 17'), described under the heading SALT, contains an appreci- 
able- amount of sodium sulphate.. It wa;S estimated by La Touche 
(1034 — 32, 100) that the well, if worked to its fullest capacity, might 
produce about 70 tons of the sulphate annually. 
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PUNJAB. 

Jlielum. — ^Tsckerinak' (1808 — -8) has described an occurrence of’ 
glauheritc in the Pharwala seam at the Mayo Salt Mines, Khewra 
(32° 39' 30" : 73° 4'). The glauberite is found in crystals from 1 tO’ 
2 cm. in length, forming druses on rock salt. 

RAJPUTANA. 

'Jaipur. — The existence of a considerable proportion of sodium- 
sulphate in the brine of the Sambhae lake (26° 64' : 75° 16') has. 
been mentioned under the heading SALT. Holland (859—3, 247) 
found that average samples of the brine contained 3 cwt. 1 qr. per ton 
of the total salts, and has suggested (859 — 6i, 147) a scheme for the- 
recovery of the sulphate from the bittern, instead of returning it to 
the lake, as has hitherto been the practice. 

STRONTIUM. 

BOMBAY. 

Sind. — Blanford (148 — 03, 196) mentions the discovery by 

Fedden of crystals of celcstitc, — strontium sulphate, — sparingly 
scattered over the surface of the Khirthar limestone hills of the 
Kohistan, especially on the eastern side of the range E. of Thano 
Bulb Khan (26° 22' : 67° 63' 30"). The mineral occurs in crystalline - 
nodules the size of walnuts (B. 474). 

NORTH-WEST FRONTIER PROVINCE. 

Koliat. — ^Wynne is reported to have found cclestitc in red clays 
of Tertiary ago near Surdag (33° . 6' 30" : 70° 69'). It did not 
appear to be abundant (B. 474). 

{See also ALUM, BARYTES, and GYPSUM.) 

SULPHUR and SULPHIDE ORES. 

Sulphur was formerly produced at a number of places in India 
and Burma, either from deposits formed by the natural decomposition 
of pyritous minerals in the neighbourhood of hot springs, or by 
distillation from iron pyrites; but only on a comparatively small 
scale for use as an ingredient in gunpowder or fireworks. No ade- 
quate attempt has yet been made to ascertain whether these indigen- 
ous- deposits are suitable for the manufacture of sulphuric acid, which, 
as Holland has pointed out (859 — cc, 117), is the key to most chemi- 
cal and many metallurgical industries. 'Without an abundant supply 
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of this a^id, the country is unable to utilise to the fullest extent many 
• of its raw materials, or the bye-products rendered available in in- 
creasing quantities by the development of the coal and iron indus- 
tries ; but is compelled to satisfy the demand for chemicals by im- 
■portations obtained, at a cost of several millions sterling annually, 
from foreign sources of supply. A certain quantity of sulphuric acid 
is nxanufactuxed for special purposes at works installed in Calcutta 
and Eangoon, but in each case the raw material employed is im- 
ported. 

The following occurrences of native sulphur, or of the minerals 
•£rom which it might be obtained by distillation, have been observed 
isee also ALUM, COPPER, LEAD, and ZWC) 

AFGHANISTAN. 

Drummond (504 — 2, 92) remarks that sulphur is said to be found 
in great abundance in the Hazhra Jat, but does not mention any 
•precise locality (B. 167). 

Nodules and small veins of sulphur were observed by Hayden 
(793—22, 37, 66) in gypseous shales occurring hear the base of the 
Tertiary group in the neighbourhood of Dasht-i-Saped (35® 20' : 
07® 55') in Kahmard. 

ASSAM. 

Lakhimpur;— Makum (27° 18' : 95® 41'). Pyritous shales are as- 
sociated in large quantities with the coal seams of Upper Assam (see 
Mallet, 1159 — 9, 361), but it is doubtful whether they contain a 
sufficiently high proportion of sulphur to be profitably worked as a 
source of supply. 

BALUCHISTAN. 

Koh-i-Sultan (29° 10' : 62° 45'). The andesitic lavas and tuflE 
beds surrounding the extinct volcano of Koh-i-Sultan are described 
by Vredenburg (1854 — i, 278) as having been altered by solfataric 
action into brilliantly coloured, soft clays, impregnated with gypsum 
;and occasionally sulphur. This is extracted by heating the clay in 
large caldrons over a fire of brambles. As the sulphur melts the 
lighter impurities are skimmed off with a flat iron ladle, the heavier 
ones sinking to the bottom. The sulphur is finally decanted into 
basin-shaped moulds. 

Bolan Pass. — Tipper (1787 — 5) mentions the occurrence of sulphur 
in massive limestones of upper Cretaceous age at Deaj Bent and 
Gokurth, but the outcrops are much obscured by sinter deposits. 
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Kaehlii. — Sanni (29° 9' : 67° 37'). Sulphiir was formerly tnined- 
on a somewhat extensive scale at; this locahty. Hutton (900 — 8.. 
564), who visited the mine in 1846, says that there were several 
chambers entered by adits, and that the mineral was abundant, 
occurring both in a massive form and in crystalline aggregates of' 
octahedral prisms. The crude sulphur was taken to Bagh, 40 i^es- 
to the E. of Sanni, to be purified, according to Masson (1189—2, 
463), by boiling with oil. The mines are said to have been worked, 
by the Amir of Afghanistan, but were closed at the time of the British 
occupation, and have been partly destroyed by fire. In 1906 the- 
mine was inspected by Tipper (1787 — 6), who says that the sulphur- 
occurs in veins and impregnations in Siwalik clays, and that some of 
the bands are so filled with it that they b-urn with ease. Holland 
(869 — 60. 51) remarks that the amount of sulphur impregnating the.' 
rock seems quite sufficient to hold out prospects of remunerative 
working (B. 157). 

Las Bela. — Vredenburg (1854 — 36, 208) mentions the occuirence- 
of sulphur in connection with a number of intensely saline springs 
near Kan Berar (25° 29' : 66° 3'), at the southern end of the range 
dividing the Porali from the Pohr R. west of Somniani. Veins of 
sulphur and salt were seen in the sandstone cliffs overlooking the 
springs, but the amount exposed is snoall and probably not of eco- 
nomic value. 

Blebran. — Goldsmid (673 — i, 203) remarks that much sulphur is. 
procurable at Golkurt near Karghari (26° 27' : 64° 9'), on the 
Mekran coast. 

SiM. — Crystals of sulphur occur in considerable quantities, ac- 
cording to Townsend (1794—1, 208), in the stalagmite deposited by 
hot springs near the petroleum welk at Khattan (29° 34' : 68° 31'). 

BARREN ISLAND. 

The deposits of sulphur on the volcanic cone of Barren I. (12° 
17' : 93° 61'), which has been in a solfataric stage of activity since the 
early years of the last century, appear to be too small in extent to bo 
workable on a commercial scale. It was pointed out in 1868 by 
von Liebig (1070, 304) that although the deposits on the upper two- 
thirds of the cone appeared to be large, it is doubtful whether they 
would be renewed with sufficient rapidity to enable them to bo 
worked continuously. Mouat (1263 — 2, 114) and Ford (602, 215) 
considered that the amount available is very small, and this. 
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■opinion was endorsed by Ball (71 — 16 , 88; — 41 , 26), wbo says that 
•deposition proceeds only at tbe summit of the cone, and that it takes 
place very slowly. Mallet (845, 278) found that the deposit was 
quite superficial, not more than 2 or 3 ins. in average thickness, and 
roughly estimated the quantity available as not exceeding a few 
dozen tons. He also found that the ash beneath contains only an 
insignificant proportion' of sulphur. Finally Prain (1424 — i), writing 
in 1891, states that the deposit accumulated at the principal solfa- 
tara since the year 1884 was only 2J ins. in average thickness, and 
that the crusts formed at the two vents next in size did not exceed 
one inch (B. 161). 


BIHAR AND ORISSA. 

IMayiirbhaiij. — Bose ^(173—20, 170) remarks that iron pyrites is 
disseminated in some abundance through talcose and trappean 
schists at several places. The Malamghatti pass (22° 29' : 86° 13') 
•on. the Dhalbhum faontier is specially mentioned. 

Singhbhum. — The sulphide ores, of the Singhbhum copper belt 
{see tOPPBR) are a potential source of sulphur, which could be extrac- 
ted as a bye-product in case it should be found possible to work the 
deposits on a large scale. 

BOMBAY. 

Sind. — Ghizri Bunder (24° 48' : 67° 8'). The discovery of an 
apparently extensive deposit of sulphur at this locality was reported 
in 1843 by Preedy (1427). The crude material is stated by Blagrave 
(140 — 2) to contain from 30 to 40 per cent, of sulphur, and speci- 
mens > examined by Piddington (1405 — 17) contained 60 per cent. 
(B. 156). 

Laki (26° 16' : 67° 67'). Vicary (1845 — 5,' 342) states that sul- 
phur was manufactured by the villagers from the scum formed on 
the water of the hot springs near this place. According to Blagrave 
.(140 — 2), it does not occur in payable quantities, 

BURMA. 

Strover (1721, 14), writing in 1873, says that the annual pro- 
duction of sulphur in Upper Burma, under Burmese rule, was about 
28,000 viss (=about 912 cwt.). It was distilled from nodules of 
pyrites found at several places, of which a list is given, in blue Terti- 
ary clays at a depth of 12 to 20 feet from the surface. According to 
Jones (952 — 4 , 194), the principal centre of the industry was situated 
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near Mawsun (20° 57' : 96° 47') in iihe Southern Shan States. 
Middlemiss (1219—22, 152) also alludes to the manufacture of sulphur 
and says that it is still carried on in the Bawzain (Mawsun) State, 
and at YbbOK (?) in the Pwehla State. 

Shan States (N.). — Several quartz veins carrying large quantities 
of iron pyrites have been found by Coggin Brown (see Haydei^ 
Records, G. S. L, Vol. XLVII 24) at Hungwe (23° 7'; 97° 11') 
and near Man Pat (23° 12' ; 97° 11') in the Tawng Peng State. 
The pyrites contain no gold or other valuable metal, and the inacces- 
sible nature of the locality renders the discovery of no value at present 
. as a source of sulphuric acid. 


HYDERABAD. 

Gulharga. — A limestone bluff at Mudnooe (Mtjdanue, 16° 36' : 
76° 33') is mentioned by Meadows Taylor (1751 — 2, 31) as abounding 
in pyrites, from which sulphur was extracted. 


KASHMIR. 

Baltlstan. — Several of the hot springs in this district are said to 
deposit sulphur. See MINERAL WATERS :—Bisil (36° 62' 30" 75° 

27') ; Dtjohin (36° 28' : 74° 61') ; and Khoekun (36° 20' : 76° 60'). 

Rupshu,— PxroA (33° 14' : 78° 26'). Sulphur was formerly 
obtained by the Kashmir Government from deposits connected with 
the hot springs situated in the Puga valley. A brief description .of 
the mines has been given by Cunningham (390 — 6, 234), who visited 
them in 1846, and noted the association of the sulphur with masses 
of gypsum. According to a more detailed account by Mallet 
(1159 — 1, 162), the ‘ mines ' were mere holes about 8 ft. in depth, 
from the bottom of which short passages were driven laterally. The 
rocks consist of thinly foliated and greatly contorted mica schist 
intersected by many small clefts and fissures, in which the sulphur 
is deposited either in a massive form, or coating the walls with 
transparent crystals. It also occurs in laminse along the foliation 
planes, or disseminated in crystals through irregular masses of 
gypsum imbedded in the schist. There was a considerable fluc- 
tuation in the annual yield, chiefly dependent * upon the weather, 
since at this elevation (14,600 ft.) work could only be carried on during 
foul’ months in the year. It was said to amount to 20 or 25 tons 
(B. 159). 
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MADRAS. 

4J:cot (S.). — An efflorescent deposit of sulpliur is mentioned by 
ITewbold (1294 — 19 , 249 ; — 46 , 762) as occurring at a swamp in the- 
^ Wodiapolliam jungle/ a few miles to the S. of Woltjnderpet 
(=E jRA]sruR, 11° 41' 30" : 79° 21'). The sulphurous tract is said 
to extend for hah a mile. 

Godavari. — ^Heyne (834 — i ; — 2, 186) has recorded the Occur- 
rence of a deposit of sulphur on the bed of a tidal swamp at. ' Sura 
Sany Tanam " (SuRiSANiANAM, 16° 29' 30" : 82° 9').. It is said to be 
formed as a loose deposit or in nodules when the water dries Up. A 
sample which perhaps came from this locality {see Mallet, 1159 — 60,. 
7), analysed by Dr. McNally, contained 28*32 per cent, of free sul- 
phur and 0*28 per cent, of combined sulphur (B. 156). 

Travancore. — ^Masillamani (298, 13, .30) has described an occur- 
rence of pyrrhotite on Mangamalai hill, about 2 miles to the W. of 
Arumanallur (8° 19' : 77° 28'). The mineral apparently occurs iu. 
the form of lenticular masses or discontinuous veins in charnockite, 
and indications of its presence were traced for a distance of 2 miles. 
The largest ore body opened up measured about 10 ft. in length and. 
8 ft. 6 ins. in width, and was followed to a depth of 8 ft. Another 
vein, 2 to 3 ft. broad, was found a short distance to the west. 

NORTH-WEST FRONTIER PROVINCE. 

Kohat. — Sulphur pits were formerly worked in a band of pyritous * 
(alum) shales lying below a limestone scarp on the western bank of 
the Indus R. near Kushalgarh. The mode of occurrence of the 
mineral at Luni-ki-kassi (33° 36' : 72° 1') and at the petroleum 
springs of Panoba (33° 37' : 71° 58') was described by Lyman in a 
supplement to his report on the Punjab oil lands (1112 — i) ; 
and at Gunjalli (33° 25' : 71° 50') by Wynne (1975 — 16, 203). The 
sulphur is produced by the decomposition of the pyrites in the shales, 
which appear to be very carbonaceous, and collects in its native 
form on the sides of small crevices in the rock. It was extracted by 
a simple process of sublimation in earthen vessels, one being placed 
on the fire and another inverted over it mouth to mouth, so as to 
catch the fumes (B. 157). 

Shirani. — Traces of sulphur were observed by La Touche (1034- — 
20, 96) in upper nummulitic beds near Domunda (31° 36' : 70° 14'), 
apparently formed by the decomposition of iron pyrites. 
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PUNJAB. 

0cra Gliazi Khan. — Ball (71 — 19, 157) states that sulphur was 
manufactured in the SoRi pass (30° 15' : 70° 33'), where it is asso- 
ciated with gypsum, apparently deposited by a hot spring. Its 
occurrence at the Sanqaeh pass (30° 42' : 70° 32'), 20 miles further 
to the north, is mentioned by Blanford (148—73, 228, 230), who 
suggests that this is the pass to which Ball refers. It is possible that 
sulphur occurs at both localities, as they are situated on the same 
band of Eocene rocks. The crude ore consists of amorphous gypsum 
penetrated by strings and veins of sulphur, which was extracted by 
sublimation, as in Kohat (B. 167). 

Blanford (148 — 73, 212) also states that sulphur is said to be 
found in whitish beds, probably of Eocene age, on the south side of 
Gandahaei hill (29° 6' : 69° 46'). The deposit was not visited 
and had not been worked. 

Jhang. — Vredenburg (1854 — 12 ) has described specimens of a 
jaspideous rock from the Earana hills, containing numerous masses 
of pjnrrhotite measuring a centimetre or more in diameter. The 
specimens were found by Mr. F. E. Cole in a quarry at Hundiwala 
(31° 55' : 72° 38'), close to the railway station. 

Slianwali. — According to Oldham (1326 — 40, 166), small deposits 
of sulphur invariably accompany the petroleum of the Punjab. 
Fleming (691 — r>, 347) and Bowring (188 — h 61) mention the occur- 
rence of sulphur, associated with gypsum, at the petroleum springs 
near Jaba (32° 52' : 71° 44'). The quantity observed did not appear 
to bo large, though it was distributed over a space of about 2 miles 
along the strike of the rocks (B. 158). 

Rawalpindi.— Vicary (1845 — c, 43) states that sulphur mines are 
said to have been worked in the hills lying to the east of the Margala 
PASS (33° 42': 72° 63'). 


UNITED PROVINCES.. 

*(Jaunsar)''”}’’~^°^^®^^ sulphur 

occurs in considerable quantities in some of the galleries in the lead 
mines at Maiwar (1) on the Tons R. The yield is said to have been 
sufficient to pay the expense of smelting the lead ore (B. 160). 
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Knniaon. — Sulpliur is deposited by some of tbe hot springs in 
this region, but in small quantities only. The following occurrences 
have been recorded : — 

At hot springs in the bed of the Eamganga' and Garjia rivers. 
—Herbert (827—6, 229). 

At hot springs at the mouth of the Jawar or Nm pass. — Traill 
(1797—4, 1,7). 

At Mansiabi (30° 6' : 80° 19') ; near Nandpeyag (30° 20' : 79° 
23'); and in Mulla Dasoli and MuUa Nagpur. — ^Lawder (1040 — l, 
88 ). 

SYLVITB see POTASH SALTS, 

TALC see STEATITE. 

TANTAUTE see under BABE IHINEBALS. 

THOBIUM see MONAZITE. 


TIN. 

BIHAR AND ORISSA. , . 

Hazaribagh. — Chappatand (24° 40' : 86° 0' 30"). A specimen of 
cassitecite-granulite, obtained by Mr. C. Jambon from this locality, 
has been described by Fermor (577 — ii). The cassiterite occurs in 
crystals of about equal dimensions with the other constituents of 
the rock, but sometimes forms aggregates to the exclusion of the 
other minerals. The proportion of cassiterite present is from one- 
third to one-half of the mass. 

NuRtGSfGA or Nurgo (24° 10' : 86° 8' 30"). The occurrence of 
tin ore here was noted in 1849 by McClelland ( 1117 — 33 , 19), who 
says that the ore occurs in nodules ranging to more than an ounce in 
weight, dissemuoated through gneiss. Mallet (1159 — 7, 35) des- 
cribes an attempt made about the year 1867 to work the deposit, 
and says that the ore forms three or four lenticular beds in gneiss 
seldom more than a foot or two across, but in places reaching a 
width of 13 ft. The lateral extension was, about 20 yards, nearly 
parallel to the foliation of the gneiss. The beds were followed to a 
depth of about 60 ft. by an inclined gallery, when work was stopped 
on account of the decreasing value of the ore and the influx of water 
(B. 314). 

A more recent experiment in mining the deposit has been des- 
cribed by Oates (1315, 446). A shaft was sunk to a depth of 614 ft., 
but below 668 ft. the ore body was cut out. A sample of the ore 
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yielded 1'87 per cent, of tin. The estimated yield per ton of ore was 
about 268 lb. of metal, but in practice it amounted to about half of 
this, as the ore was much contaminated with gangue and iron. 

According to Fermor (see Hayden, 798 — 26, 79), the ore is cassi- 
terite-granulite, forming a thin layer in a much thicker band of 
microcline-granulite, which also contains sparsely scattered granules 
of cassiterite. The thin layer often contains from 30 to 50 per cent, 
•of cassiterite. 

SiMRATAEi (24° 39' : 85° 50'). A few crystals of tin-stone were 
found hero by Mallet (1159 — 7, 43) in a lenticular pocket of granite 
in mica schist. Small grains of cassiterite were also detected in a 
'dyke of lepidolite-granite exposed a little to the S. W. of Pihira 
.<24° 38': 85° 52')— (B. 316). ... 

BOMBAY. 

Dharwar. — Minute grains of oxide of tin have been detected by 
Foote (596 — 11 , 140) in the streams drainii^ the no\rthern portion 
of the Kapatgod range near Dambal (15° 18' : 76° 60'), The ore 
■was associated with native copper and silver (B. 316). 

Palanpur.— Holland (859 — 43 ) has recorded the discovery by 
Babu Baidyanath Saha of cassiterite at Hosaiotuba (24° 16' : 
72° 36') in this State. The mineral is associated with gadolinite, 
and occurs in distinct, large <;rystals as a constituent of tourmaline 
pegmatite. 

sample of tin-stone, said to have been 

•obtained at Jambughoda (22° 22' : 73° 48'), was forwarded to the 
Geological Survey Office by Mr. llogcrs. Nothing is known r<^ard- 
ing its mode of occurrence (B. 315). 

BURMA. 

The tin ore deposits of Burma aro invariably found in the neigh- 
bourhood of intrusive bosses of granite, which forms the core of many 
-of the hill tangos ruiming northwards from the Federated Malay 
States, — ^whence a large proportion of the world’s supply of tin is 
obtained, — through 'ronasscrim, as far as Karenni in lat. 19° {see 
Bose, 173 — 17 ). Beyond this, tin ore has not been detected in the 
■granites of the Shan States or in the alluvial gravels derived from 
them, but it reappears under the same conditions in Yunnan, where 
tin mining is said to be extensively carried on. The earliest allusion 
to the existence of tin in Burma was made in 1599 by the traveller 
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Ralph Fitch ( 589 , 262 ; 1588 , 178), who remarks that on his journey 
from Pegu to Malacca he passed by ""many of the ports of Pegu, as 
Martauan, the Hand of Taui (Tavoy), from whence commeth great 
store of tinne, which serueth all India.'" , 

Up to the present time practically the whole of the ore produced 
in Tenasserim has been obtained from the alluvial deposits resulting 
from the degradation of the granitic ranges ; and these will probably 
yield the chief supply for a considerable time to come. For the 
rocks are so efEectually concealed by vegetation and detrital material 
that the search for ore bodies or lodes, — if any such exist of sufficient 
richness to warrant expenditure on regular mining operations, — is- 
a matter requiring much time and labour. 

Until the early years of the present century, the exploitation of 
the alluvial deposits was entirely in the hands of Chinese and'. 
Siamese settlers. One attempt was made about the year 1873 to 
work the gravels and lodes at Maliwun in Mergui under European, 
supervision, but after three years of hard work, in one of which 17 
tons of cleaned ore and 7 tons of metal were exported, the conces- 
sionaires, Messrs. Strang, Steel & Co,, resigned their lease. The 
conditions under Which the native industry was carried on, and the 
mode of occurrence of the ore, have been described by "the following* 
writers : — 

1829. Low (1097 — 2, 148). A brief notice of the stream tin 
deposits in Tavoy. Further details and an account 
of the native method of working are given in the Journal, 
Roy. Asiatic Soc., Vol. Ill, p. 47. 

1839. Heifer (808 — 5 , 29). Gives results of prospecting opera- 
tions in Tavoy and Mergui. The amount of oxide of 
tin in the gravels was found to range between -1 and 7 
per cent. 

1841-43. Tremenheere (1802 — 2 ; — 4 ; — c). Full reports on 
the results of prospecting operations in Mergui. De- 
tails are given of the amount of tin ore obtained by 
washing at various localities. The second paper con- 
tains an account of a supposed lode of tin ore in granite 
at Kahan hill, near Mergui. 

1843. Eoyle (1529 — 4 ). A brief account of the geology of 
Tenasserim, with remarks on the tin ore deposits 
mainly compiled from Heifer's and Tremenheere's, ob- 
servations. 

1846. Tremepheere and Lemon ( 1803 ). A summary of the 
reports noted above. 

478 



1849. O'Riley (1340 — 3 ). Enumerates the localities where 
stream tin has been worked, and quoted extracts from 
Tremenheere's reports. The causes retarding the de- 
velopment of the industry are discussed. 

1856. Oldham (1326 — 13, 39). Gives details of the ore beds 
at several localities in Mergui, £fnd describes the 
methods of working the deposits. 

1859. Heifer ( 808 — 7 , 228). A resume of his observations in 
Tenasserim. 

1872. Fryar (625 — 4 ). A report .on prospecting operations. 

The ore is found in layers of gravelly clay ranging up to 8 or 12 ft. 
in thickness, usually covered by a variable depth of barren soil or 
rainwash, which must be removed in order to work the deposits. 

■ A system *of ground sluicing is practised by the Chinese, but some 

■ ore is also obtained by panning the sands in the river beds. The 
greater proportion of the ore is smelted on the. spot, the remainder 
being exported to the Straits Settlements in the form of 70 per 

■ cent, concentrates. The furnace in use is of Chinese design, and as 

■ described by Butler ( 250 , 28) is barrel-shaped, built of sun-dried 
bricks bound with iron hoops, and about 5 ft. in height. It is fired 
with charcoal, the blast being furnished by cylindrical bellows, 
fitted with a piston worked by hand. The tin is refined by passing 
it through the furnace two or three times, and is cast into ingots of 
34 or 74 lb. in weight. 

During the years 1888 to 1892, a systematic exploration of the 
tin-bearing deposits in the Mergui and Tavoy districts was carried 
out by a party of prospectors under the superintendence of T. W. H, 
Hughes, the results of which were published in two ^reports (888— 
30 ; — 33 ). The first of those gives detailed particulars of each 
■deposit examined, the nature of the country, and the conditions of 
labour ; while the second deals mainly with proposals for the 
administration of the fields. Reports drawn up by Messrs. Ross Clunis 
and Primrose, the prospectors attached to the party, are given in 
appendices. The opinion was expressed that the deposits generally 
are sufficiently large and accessible to prove remunerative under 
■economical management, and that as the country is opened up, 
payable deposits would be found to the north and east of the area 
examined, 

A further investigation of the deposits in Lower Burma was 
undertaken by J. J. A. Page during the years 1907 to 1912. The 
complete results of his work have not been published, but abstracts 
‘Of his reports for the first two seasons have been compiled by Hol- 
land (859 — GO, 38; — 7i, 57). The particulars noted below are 
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mainly taken from tkese abstracts and from the reports submitted 
by Hughes. 

Karenni.— KEH-DAtTNG or ' Tin-hill ' (18° 49' : 97° 10'). The - 
existence of tin ore in the Bawlake sub-State in Karenni has long been 
known, but until recently O'Riley (1340 — lO, 444) appears to have- 
been the only European to visit the locality. The mines are situated 
near Mawohi, on the northern bank of the Ke-ma-Pyu R. The ore 
is said to occur in irregular lodes in quartz veins traversing slates, 
and was smelted on the spot in small furnaces, which were simply 
holes cut out of barks of clay. Limestone was used as a flux. 

In 1910 the mines were visited by Page (see Hayden, 793 — 24 , 76), 
who reports that the rocks consist of stanriferous granite pierced, 
by quartz veins carryiug wolfram and cassiterite. In the Keh-- 
daung area the quartz veins appear to be especially prominent. 

Statistics of the production of tin ore in Karenni are available, 
only for the four years 1912 to 1915. During this period the output- 
increased from 1,202 to 6,614 cwt. 

Mergui. — Cassiterite is widely distributed through the district, 
and occurs, according to Page, under the following conditions : — 

(1) As a constituent of decomposed pegmatite rich in tourmaline- 
and muscovite, known locally as Era, 

(2) In massive quartz segregations on the outskirts of granitic 
hills. 

(3) In quartz veins and stringers adjacent to decomposing peg- 
matite. 

(4) In talus accumulations resulting from the disintegration of 
the foregoing classes, and in gravel deposits along the course of the 
streams. 

Deposits have been noted at the following localities : — 

BANHUia (10° 44': 98° 46'). Seven mines in 1889. Ore bed 6- 
to 8 ft. thick. Water plentiful. According to Hughes (888 — 30 , 
196), these are the richest mines in the district. 

Bokpyin (11° 14' : 98° 60')— Yaungwa (11° 8' : 98° 62'). Fifteen 
native workings in 1907, four of which were leased to Messrs. Kinloch 
and Eghngton. Ore bed at Bokpyin varies between 5 and 6 ft. in 
thickness, overlaid by 10 ft. of barren soil (B. 320). 

Ch'hando (Kyando), near Palauk (13° 16' : 98° 44'). A sample of 
‘ half dressed ' tin concentrates from this locality is said by Ross 
( 1516 ) to have yielded 47 per cent, of metal. Fryar (625 — 4 , 43) 
has reported the -existence of an abundance of stream tin on. 
feeders of the Palauk R., about 18 miles above the village (B. 318). 
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’Hangpeu (11° 1' : 98° 50'). Tliree workings in 1907. 

Hesamkong (11° 31' : ‘99° 12') and Kbh Kyaung, on the Klong 
Manoron. Eighteen apparently profitable workings in 1907. Work 
is carried on only during the rainy season. Quartas stringers with 
cassiterite occur in one of the workings. 

Kahan hill (12° 20': 98° 50'). Tremenheere (1802 — 4, 841) 
supposed that the tin ore found here occurs in situ in a vein of decom- 
posed granite, and considered the deposit to be very rich. Pros- 
pecting operations carried out by Fryar showed that the bed in 
which the tin occurs is of a detrital character, and that the quantity 
available would not be remunerative (B* 319). 

Karathuri (10° 56' : 98° 48'). Twenty-two workings on the hill 
sides and low ground in 1907. Ore bed 8 to 12 ft. thick, according 
to Hughes (888 — 30, 199), of good paying character. Water fairly 
abundant (B. 320). , ^ 

' Kyaung-kapra (10° 55': 98° 4.8'). Five workings in 1907, in 
alluvium. 

Kyaung-ta-naung (10° 53' : 98° 47'). Two workings in 1907, in 
alluvium. The ore bed, according to Hughes (888 — 30, 200), is not 
more than 3 ft. thick, and is said to be poor in quality. In Fryar's 
time the outturn is said to have been from 4 to 5 tons of metallic tin 
annually (B. 321). 

Lenya (11° 28' : 99° 2'). Ore bed about'4 ft. thick, beneath 2 ft. 
to 2 ft. 6 ins. of barren soil. 

Maliwun (10° 14' : 98° 39'). The tin mines of this area have the 
widest reputation of any in Mergui, and have more than once been 
taken up on lease by European &ms. According to Oldham (1326 — 
13, 40), the annual outturn was from 1,500 to 1,600 ingots of tin, weigh- 
ing 27 lb. each. The attempt made by Messrs. Strang, Steel (fc Co. to 
work the deposits has already been alluded to. From 1894 to 1897 
the property was held by the Jelibu Mining and Trading Co., Ltd., 
whose operations have been described by, Parry (1367, 26). The 
amount of ore exported during the three years was 3,407 cwt. Fol- 
. lowing on prospecting operations carried out by Snow (1672) in 1906, 
a mining lease covering 3 sq. miles was taken out by the Burma 
Development Syndicate, and is still held by them. The concession 
includes granite hills containing stanniferous quartz segregations as 
well as alluvial ground (B. 322). 

The following deposits in the Mahwun area are enumerated by 
Page :— 

Klong Bankwa (10° 14' : 98° 38'). Several small workings 
by Chinese. The yield of the most profitable working 
is 6 lb. of cassiterite per cubic yard. 
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Klono Nam Sai (10° 16' : 98° 39'). Oae worMag 42 ft. deep. 
The ore bed is rich, but lies beneath a great thichnesa 
of overburden. 


Noeth hill, Pbetolai, and E!hon Mauno hill, held by the 
Burma Development Syndicate. 


Hassei Dehg (10° • 9': 98° 37'). 
Elong Glama (10° 12' : 98° 39'). 


J Abandoned workings. 


Il^AW (12° 23' : 98° 54'). Hughes (888 — 30, 201) remarks that 
tin ore will probably be found in this area,' though no workings were 


seen. 


Meegui (12° 26' : 98° 36'). Low {Journ. R. As. Soc., Vol. Ill, 
47) says that tin ore occurs in the hill on which Mergui is built, and in 
the streams near the town (B. 318). 


Migyatjng Kyatjnq (11° 25' ; 98° 46'). The deposits are said to 
be rich, but difficult to work through want of water. The ore 
occurs in pegmatite as well as in alluvium. 

Samen (11° 23' : 98° 48'). Many abandoned workings. 

Tagtt (12° 16': 99° 4'), on the Groat Tenasserim R. A little tin- 


stone was obtained by Primrose on the slope of a hill about 6 miles to 
W. by S. of the village {see Hughes, 888—33, 51). 


Thabaxik (12° 1' : 99° 16'). According to Hughes (888—30, 192), 
the ore bed is about 8 ft. thick, with an overburden varying from 6 
to 10 ft. in thickness. The ore was recovered by a system of ground 
sluicing, described by Fryar (625 — i). Prospecting operations car- 
ried out by Ross Clunis (see Hughes, 888 — 33, 48) indicated that the 
ore is derived from quartz veins traversing slates forming the range 
separating the Thagyet R., on which Thabahk is situated, from the 
second branch entering the main river above the mines. Samples 
of gravel from the river bed yielded 30 per cent, of cassiterite. 
Five native leases were being worked here in 1907 (B. 319). 


Thaeap6n (12° 10' : 98° 55'). Hughes (888—30, 189) remarks 
that the conformation of the ground in this neighbourhood gives a 
fair chance of meeting with stanniferous deposits. No old workings 
were seen. 


Theindaw (Tbndah, 12° 20' : 99° 10'). Tremenheere (1802—2, 
846) considered the deposits here to be rich. Tin ore was obtained 
by Primrose (see Hughes, 888—33, 52) in fair quantity at several 
places along the course of the river, also fragments of sandstone 
containing stanniferous quartz veins. Numerous old woikincs were 
seen (B. 319). 

To-Tw6 (11° 4': 98° 46'). Two workings in 1907. Tin ore 
occurs in mangrove swamps below tide level. 
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Yamon (12° 13' : 98° 47')— NAUKLfi (12° 18': 98° 47'). Eight 
shallow workings in 1907. Ore bed 18 ins. to 3 ft. in thickness. 
The deposits are said to be worth prospecting with a view to dredging. 

Ye-ngan (11° 28' : 98° 48'). Seven workings in 1907, in good 
alluvium, which might be worked by pond dredging if found sufii- 
■ciently rich on being tested by borings. 

In the Mergui archipelago cassiterite was found by Page {see 
Holland, 859 — 7i, 56) in gravels on Ejng's I. (12° 30' : 98° 23'), where 
Fryar considered that a large quantity was available in the bed of the 
Kitan R. ; Kissekino I. (Kit-th\.-y.n, 11° 40': 98° 30'); and 
Davies I. (9° 48' : 98° 4'). Many of the islands of the archipelago 
are said to be formed of gneissose granite penetrated by intrusive 
■dykes of granite and quartz porphyry, and would be worth prospecting. 

The average aimual production of block tin in Mergui, during the 
five years 1909 to 1913, was 1,673 cwt., and of tin ore 1,710 cwt. 
During 1914 the quantity of block tin produced was 1,963 cwt., 
and' of tin ore 1,861 cwt. In 1915 the corresponding figures were 
2,553 and 1,762 cwt. respectively. 

. Tavoy. — ^In this district cassiterite occurs under the same condi- • 
tions as in Mergui, in granite and quartz veins associated with the 
intrusions. The following localities were examined by Page (see 
Holland, 869 — 7 1, 67) and others: — 

Heindu and Heinda rivers, flo'wing into the Great Tenasserim E. 
near Myittha (14° 10' : 98° 32'). Cassiterite exists within a few 
feet of the surface in quantities that should be payable. This is. pro- 
bably the area described by Heifer (808 — 6, 30) under the name 
Metamio (Myittha Myo). He reports that tin-stone is found over 
an area 60 miles in length by 8 to 12 miles in breadth, and that there 
were numerous native workings, some of which were carried to a 
■depth of 40 feet (B. 317). 

Henzai (HeinzIo, 14° 45' : 98° O'). O’Riley (1340—3, 726 ; —7) 
states that tin-stone was obtained by washing near the head waters 
of the streams flowing into the bay of Henzai from the south. 
Samples of the concentrates contained from 55 to 60 per cent, of 
tin. He estimated that one man could obtain 18 or 20 lb. a day 
(B. 317). 

More recently the tin deposits in this neighbourhood have been 
described by Foss ( 609 ). The existence of the ore is said to have 
been proved to a depth of 16 ft., over an area of about 300 acres. 

Maungmbsha'UNG (14° 9' : 98° J3'). The tin-bearing gravels in 
this area are irregular, and will only pay to work at intervals. Stream 
tin washing is practised on primitive lines. The cassiterite is de- 
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rived both, from granite and from quartz veins at the junction of the- 
granite with slates. 

Ongbing-win (14° 37' : 98° O'). ‘ Cassiterite occurs in quartz veins 
and in small quartz stringers penetrating sandstones near their junc- 
tion with granite. The largest vein seen measured 12 ins. in width. 
The gravels are worked by the natives down to about 6 ft., but the 
concentrated deposits are said to lie at a depth of about 30 ft. below 
the present surface. 

Wj>g&n (14° 11' : 98° 23'). Old workings were seen along the 
base of the granite hills near this place, and isolated patches may be 
found in which the ore is sufficiently concentrated to be worth working. 

In addition to these localities, Bleeck (154 — 4, 68) mentions a 
cassiterite-quartz lode occurring on the Kalonta Kyaung (14° 19' r 
98° 19'). Two samples of the ore yielded 2*30 and 13*95 per cent, 
of oxide of tin respectively. Cassiterite is also said to occur with 
wolfram in lodes at Hermyingyi (Hamyingyi,* 14° 14' : 98° 20'). 

Previous to the year 1911 the quantity of tin ore produced in 
Tavoy was very small, not amounting on the average to 30 cwt.. 
annually. In that year, as the result of active prospecting, 802 cwt. 
of ore were obtained, and during the next two years the production 
of block tin amounted to 2,572 cwt., and of ore to 51 owt. Latterly, 
however, the production has again fallen off, the figures for 1914 and 
1915 being 767 and 253 cwt. of ore respectively. Those for 1915 
also include 6 cwt. of block tin. 

A very large amount of prospecting work was carried on in 
the Mergui and Tavoy districts between the years 1910 and 1915, but 
in only one instance was a mining lease applied for. This was 
granted to the Hindu Chaung Tin Dredging and Mining Co. in 
1911, but after a suction dredge had been transported to and erected 
on the concession, the Company suspended operations in 1913. 

Tliaton. — ^Tin-bearing gravels have recently have recently been found 
in this district, and the prospects are regarded as promising. 

TITANniM see under BARE MINERALS. 

TOURMALINE 5^6 under GEM-STONES. 

TRIPLITE see PHOSPHATES— IRON. 

TUNGST^IN. 

So recently has tungsten come into general use as an alloy in 
' self-hardening ' steel, now largely employed in the manufacture o£ 

484 




TUNGSTEN. 


high-speed cutting tools, incandescent lamp filaments, etc., that the^ 
notices of its occurrence in India are extremely few. In most in- 
stances the mineral is casually mentioned as depreciating the value of 
stream tin deposits, with which it is frequently associated ; and it 
finds no place in the Economic Section of the Manual of the Geology 
of India, published in 1881. The most important deposits of wol- 
framite are those of Burma, where it is found in situ under the same 
conditions as cassiterite, though not usually associated with it in the- 
same lodes. Its occurrence has also been reported from a few 
localities in the Indian peninsula. For some years Burma has 
headed the list of countries that produce wolframite, with an annual 
output of about 25 per cent, of the world's supply. 

BIHAR AND ORISSA. 

Singbhuin. — ^Wolfram has recently been found at Kalimati 
(22® 46': 86® 17') on the Bengal-Nagpiir railway. About 8 tons of 
mineral were won in the year 1916. 

BURMA. . 

Kareniii. — ^Wolfram was found by Page associated with cassi- 
terite in quartz veins at the tin mines of Keh-daung {see TIN). The 
average annual production during the four years 1910 to 1913 was 
64 tons. In 1914 the output rose to 138 tons, and in 1916 to 330 tons. 

Mergui. — Tremenheere (1802 — 2, 849) mentions the occurrence, 
of wolfram with stream tin on the Loungdoxtngin stream, which 
enters the Little Tenasserim R, a few miles to the S. of Tenasserim 
( 12® 5' : 99® 3'). In his second report on the tin of Mergui (1802 — 4,. 
847), wolfram is said to occur in the Maliwxjn area (10® 14' : 98® 39'), 
and in considerable quantities in the stream tin deposits of Yam6n 
(12® 13': 98® 47'). 

During the five years 1911 to 1915, the average quantity of 
tungsten ore produced annually in Mergui was 190*5 tons. 

Tavoy, — During the course of his investigation of the tin ore 
deposits of Tavoy, a rich wolframite lode was discovered in 1908 by 
Page (see Holland, 859 — 71 , 69) on the Sanoiii stream, which joins 
the Pauk Tein (Pauk-taing) R. near PayagIs (14® 6' : 98® 18'). The 
lode was 14 ins. wide, and formed one of a series of about 60 nearly 
vertical quartz reefs varying in width from an inch or two to 30 ins. 

In a paper on the occurrence of wolframite in Tavoy,* published 
in 1913 (154 — 4), Bleeck has described the geology of the western 
portion of the district, and the petrological characters of the rocks* 
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associated with, the lodes. The granites are intiusive in a series of 
sandstones, shales, and conglomerates of uncertain age^ known as 
the ‘ Mergui series,' which have been altered into quartzites and 
schists when in contact with the igneous intrusions. Both the 
granite and the stratified rocks are traversed by numerous veins of 
milk-white, opaque quartz, varying from a fraction of an inch to 
•over 12 ft. in width, and often continuous for considerable distances. 
The mineralisation of the veins is confined to the contact zone, but 
the distribution of the wolframite is extremely erratic, long stretches 
of apparently one and the same vein containing no ore. The wol- 
framite occurs in single crystals measuring up to 3 or 4 ins. in length, 
or in crystalline aggregates which may weigh as much as 90 lb. 
Tungstic ochre is often associated in small quantities with the wol- 
framite. A typical specimen of the latter mineral contains about 
76 per cent, "of tungstic trioxide (WO3). 

Lodes carrying wolfram were found at the following localities : — 

At the 19th mile on the Tavoy-Wagon road, about a mile beyond 
’Thingand6n (14° 10' : 98° 21'). 

Byatjk Kyaung (14° 20' : 98° 16'). 

Kalonta Kyaung (14° 19' : 98° 19'). 

Pa Kyaung (14° 30' : 98° 6'). 

ThangazOn (14° 11': 98° 17'). 

One of the lodes observed in the. Kalonta area was a greisen com- 
posed of granitic quartz and muscovite with wolframite scattered in 
small crystals throughout the rock. 

A sample of ore concentrates from the alluvial deposits contained 
61 per cent, of tungstic trioxide. 

Following on the discovery of wolframite in situ by Page, great 
activity has been shown in prospecting for this mineral. During the 
six years 1910 to 1915, the number of prospecting licenses issued in 
the Tavoy district alone amounted to 419. In this period the pro- 
duction of tungsten ore increased from 362 to 2,033 tons, the average 
annual output for the five years ending with 1915 being 1,593 
tons. In consequence of the cessation of supplies of tungsten and 
ferro-tungsten from Germany, owing to the war, steps were taken 
by Government to stimulate the search for the mineral; but these 
measures have not been reflected in the returns of mineral produc- 
tion yet published {see Hayden, Records^ G. S. Vol. XLVII, p. 24).^ 


1 Since the above was written, information has come to hand to the ejBEeot that the 
output for the year 1916 was nearly 3,000 tons. The increase is attributed largely to 
the energetic measures taken by the local Government to stimulate the output. 
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Tbaton. — Outputs of 17 and 49J tons of wolfram were recorded 
for this district during the years 1914 and 1915 respectively ; but 
no account has yet been given of the localities or mode of occur- 
rence of the mineral. 

Yamctliin. — Bleeck has reported the occurrence of a well defined 
lode carrying wolfram near Kalaw (20° 38' : 96° 36'), on the road 
from Thazi to Taunggyi. Another lode was seen further to the north 
near Nyaungya (21° 7' 30" : 96° 20') in the Yengan sub-State 
( 861 , 279). 

CENTRAL PROVINCES. 

Nagpur.— A gargaon (21° 6' 30" : 79° 32'). A discovery of wol- 
framite, made by Mr. Kellerschon in 1907 while prospecting for 
manganese ore in this district, has been described by Fermor (577 — 
26) and Low (1096 — 2). The wolframite is very unevenly distri- 
buted through veins and stringers of quartz interbedded with mica 
and tourmaline schists, being apparently more intimately connected 
with the latter. About 1| tons of the mineral were raise-d during 
the years 1908 to 1910 from pits and trenches about 8 ft. deep ; but 
no fiuthor development appears to have taken place. On axralysis 
the crystals yielded 65'00 pot cent, of tungstic trioxide. 

MADRAS. 

Trichiuujpoly. — A specimen of wolfram, containing 31 -72 per cent, 
of tungsten and 3-15 per cent, of tin, is reported to have been found 
by P. N. Bose near Kadavub (10° 36' : 78° ID'). Another specimen 
was fourrd near a pegmatite vein on the eastern flanks of Uburar- 
KAEAD ( 861 , 280). 

RAJPUTANA. 

(JoSli^ir)}’ ’ — D egana (26° 50': 74° 24'). Rofereime to an occur- 
rence of wolfram in a hill near Dogana railway station was mad? by 
Hayden (793 — 3i, 26) in 1913, and further information on the dis- 
covery has been given in his General Report for 1915 {Records, G. S. 
L, Vol. XL VII, p. 26). Three small hills consisting chiefly of granite 
are penetrated by nearly vertical quartz veins containing coarsely 
crystallised mica and wolfram. The veins are usually thin, but in 
one place a mass of quartz measuring 20 by 20 feet was seen, con- 
taining considerable quantities of wolfram. At present the depth 
to which the lodes extend is unknown. The deposits were being 
worked by open quarries, and the output was said to be about 
1| cwt. a day. 
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URANIUM see BARE MINERALS— PITCHBLENDE and SAMARSBaTE. 
VANADIUM see under RARE MINERALS. 

VIVIANITE 566 PHOSPHATES— IRON. 

WATER 566 MINERAL WATERS. 

WOLFRAM 566 TUNOSTEN. 

YTTRIUM 566 RARE MINERALS— GADOUNITE and SAMARSKITE. 

zmc. 

In a paper read before the Royal Geological Society of Ireland 
in 1886, Ball (71 — 63) gave an account of the occurrence of the ores » 
of zinc in India, containing references to the ancient and modern 
literature of the subject, and to the trade in this metal with China. 
The paper concludes with a glossary of the oriental and other titles 
used for zinc and its alloys. . 

Zinc blende is occasionally mentioned as accompanying the ores 
of lead and copper, but in very few instances does it occur in sujSS- 
cient quantity to be commercially valuable. 

AFGHANISTAN. 

Lord (1091 — 2, 536) says that in the Ghorband valley (34° 57' : 
68° 52') white sulphate of zinc, locally known as zah, occurs as an 
efflorescence on the surface of volcanic ash beds. No mention is 
made of its employment for any purpose (B. 313). 

BURMA. 

Shan States (N.).— The silver lead ores of Bawdwin (23° 7' : 97° 
20' 30") contain an appreciable proportion of zinc blende. It occurs 
occasionally, according to Coggin Brown (1035, 255), in massive 
bands of a blackish brown colour, but more commonly in micro- 
scopic crystals intimately associated with the galena. In three of 
the ore bodies that have been opened up, the percentage of zinc 
amounts to 16, 14-2, and 29*8 respectively (862, 129). 

This is the only locality within the Indian Empire that now pro- 
duces zinc ore. During 1913 the Burma Corporation extracted 
.3,871 tons of zinc ores, and in the following year 8,553 tons, 
-which were shipped to Belgium and Germany for reduction. In 
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1915 the amount exported was only 196 tons. The question of 
•erecting works in the country, not only for smelting the ores, but 
also^ for the production of sulphuric acid as a bye-product, is under 
consideration. 

Tavoy. Mason (1185 — l, 48) says that in a broken boiilder brought 
to him at Tavoy there was a vein of ore which he judged to be zinc 
blende. He was unable to ascertain the locahty from which it came, 
.An ore of zinc is also said to have been found by Heifer on one of the 
islands in the Mergui archipelago (B. 313). 

MADRAS. 

KiirnooL Mallet (1159 — 26 ; — 29) has described specimens of 
ferruginous smithsonite, — carbonate of zinc, — associated with barytes, 
green blende, and galena, which there is reason to suppose were 
brought from the deserted lead, mines at Baswapxte (Basavapuram, 
16° 24' 30" ; 78° 41' 30"). He remarks that the mineral probably 
■escaped recognition by the native miners on account of its non- 
■ metallic appearance (B. 312). 


PUNJAB. 

Kangra.-— Zinc blende is mentioned by Mallet (1159—1, 166) as 
sparingly disseminated through the gangue of the antimony ore at 
the Smonr olaoier (32° 17' : 77° 40'). 

RAJPUTANA. 

(Jt)dhpur) — Walter (1879, .3) states that zinc ore was formerly 

obtained in small quantities near the town of Sojat (26° 66' : 73° 
43'). 


Jawar or Zawajr (24° 21': 73° 46'). The zinc 

mines at this locality appear to have been of ’ considerable im- 
portance. Tod, in his Annals of Rajast’han (1788 — l, Vol. I, 604), 
mentions thorn incidentally as producing tin, and says that the 
revenue derived from them exceeded £20,000 annually. They were 
closed at the time of the great famine in Western India of 1812-13. 
According to Brooke (203 — i), the ore is said to occur in veins 3 or 
4 ins. thick, and sometimes in .bunches, in quartz rock. The pure 
ore, being very friable, was pounded and freed from -gangue, and 
■smelted in bottle-shaped crucibles 3 ins. in diameter, with necks 
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6 ins. long. These were placed in the furnace in an inverted posi- 
tion, the metal being sublimed in the necks. Any admixture of 
quartz with the* ore is said to have caused the crucibles to crack, 
Another account by an anonymous contributor to the Indian Anti- 
quary (35 — 88j deals mainly with the surroundings of the mines, 
which are said to be very extensive, but were apparently worked in 
the usual unsystematic Indian ‘ manner. The locality has not been 
described by a geologist, but the ore is believed to be smithsonite, 
and to occur in quartzites of the Arvali series (B. 312). 

SIKKIM. 

Zinc ore in the form of calamine or smithsonite is found associated 
with some of the copper ores of Sikkim, and blende is commonly 
found in the lodes containing pyrites and pyrrhotite (862, 127* 261). 

UNITED PROVINCES. 

lead .mines on the Tons R., about 

25 miles above KaIjSI (30° 32' : 77° 54'), Medlicott (1197 — 6, 179) 
noted a stringer, of mixed ore associated with the galena, though 
keeping rather distinct from it, consisting principally of zinc blende 
with some galena, iron pyrites, and quartz (B. 313). 

ZIRCON 566 under GEM-STONES. 
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